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SUN QUENCHING OILS 


Keep coolers cleaner longer... combine quality with economy 





Get Low Operating 
Cost From 
Natural Detergency 





Sun Quenching Oil Light is a naphthenic 
quenching oil with a natural detergency 
that keeps coolers clean. One large auto 
manufacturer reported a cost drop of over 
90% in cooler maintenance after switching 
to Sun Quenching Oil Light. 


Get Maximum 
Physicals 
In Your Steel 


Sunquench 1070 is particularly important 
in fast-quenching operations because it 
cools at the optimum rate during the criti- 
cal stage, minimizes distortion, deepens 
hardness. With Sunquench 1070, you may 
be able to substitute lower alloy steels for 
more expensive grades. Exceptional ther- 
mal stability of Sunquench 1070 means 
long life. 





Get 
Brighter 
Parts 


Sun Quenching Oil 11 is a premium-quali- 
ty paraffinic quenching oil designed for 
work requiring an oil with a high flash 
point. It is particularly good for bright 
quenching. Its high thermal stability pre- 
vents decomposition and the resultant 
streaks on bright-quenched parts. 
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Marquench 
Oil Life 


Sun Marquenching Oils are dewaxed 
paraffinic oils made for controlled mar- 
tempering at temperatures as high as 
400 F High flash and fire points keep Sun 
Marquenching Oils safe. High oxidation- 
resistance increases their useful life in 
your quench tank. 





TALK QUENCHING with the Sun man. He'll show you how 
one or more of these Sun Quenching Oils can handle all of 
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treating 50 ft. aluminum extrusions, 
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Slat conveyor furnace for homogenizing 
Keeping pace with the technical needs of its 
customers has made Sunbeam Equipment Cor- 
poration a leader in the rapidly expanding 
aluminum field. Sunbeam is proud of the part it 
has played in the design and construction of 
furnaces to meet the most exacting specifica- 
tions of an industry with such a bright future. 
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STABILITY 


METAL 


THROUGH COLD TREATMENT 


By ROLLAND S. JAMISON, Applications Engineer, 
Harris Refrigeration Co., 








Fig. 1—A Harris chilling machine in the Tool Department of the 
Hoover Co., North Canton, Ohio, manufacturer of vacuum cleaners. 
This unit is used to achieve dimensional stability in steels for gages. 


OLD TREATMENT of metal at -120° to -150° F 

has achieved a goal long sought by metals engineers 
—complete stability. The basic challenge has been 
known for years and is caused by the sluggishness of 
many alloys in transformation of austenite to mar- 
tensite. This lack of transformation has caused diffi- 
culties in three areas. First, it has contributed to 
dimensional change in gages and critical parts. Second, 
retained austenite has reduced ductility. Third, re- 
tained austenite, being unstable, tends to transform 
during machining, causing warping and cracking or 
checking. 


There is ample record that efforts to accomplish this 
transformation by natural aging over a period of years 
have been only partially successful and inordinately 
expensive. Now it has definitely been proved that sub- 
jecting alloy steels to a temperature of -120° F and 
then allowing the material to reach room temperature 
will accomplish the transformation in a matter of hours. 
In fact, it has been demonstrated that repeated cycles 
of freezing and drawing will eventually effect 100% 
transformation and, therefore, complete stabilization. 
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Cambridge, Mass. 


Low temperature treatment is already meeting a 
broad variety of production requirements, and new 
applications for the technique are being discovered 
almost every month. Amazing results have already 
been achieved in insuring dimensional stability in criti- 
cal components, in effecting hardness for long wear, 
and in cutting costs for further processing by establish- 
ing new standards of control for consistent hardness 
and ductility. 


Stabilization of Gages 


One of the widest present applications for cold treat- 
ment is for the stabilization of gages and precision parts. 
Many plants are using it for high and low temperature 
tests, calibration tests, shock tests on instruments, and 
cold bend testing of insulated wire. Another important 
application is for shrink-fitting; for example, an inner 
ball bearing race is cooled while the outer race is heated 
to facilitate loading of the balls or rollers. The special 
work table bearings for a precision grinder are shrunk 
to permit ease of installation in the housings. 

Finding that cold treatment multiplies by several 
times the useful life of perishable tools and dies, tool 
manufacturers are using the technique to control hard- 
ness of their product. Bearing manufacturers are using 
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Fig. 2—This chilling machine is 
in critical components made of tool steels and is installed at the 
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chilling both to control hardness of bearing parts and 
bearing balls and to achieve the dimensional stability so 
essential for their satisfactory performance. 


Non-Ferrous Materials 

Equally interesting and significant are the several ap- 
plications already made of cold treatment for non- 
ferrous materials. One company was able to reduce 
a three-stage machining operation on an aluminum 
casting to one stage by heat treating and chilling the 
piece prior to machining. The saving on a single order 
for several hundred castings was reported to be close 
to $40,000. Facilities in the aircraft and missile field 
have achieved promising results, although exact re- 
porting at this writing would be premature for precipi- 
tation-hardening aluminum. 

As to sizes of parts which may be cold treated, the 
technique is being applied to the tiniest ball bearings, 
where 1000 weigh only 3.3 ounces, up to a mill roll 36 
inches in diameter and 20 feet long, weighing 10 tons, 
for which a cold treatment chamber is now being de- 
signed. 

A typical application of cold treatment to achieve 
dimensional stability in steels for tools and gages has 
been in the Tool Department of the Hoover Company, 
North Canton, Ohio, manufacturer of vacuum cleaners. 
The high-carbon, high-chrome steels suitable for dies 
are sluggish in transformation from austenite to mar- 
tensite. While hardness of only 52 to 60 Rockwell “C” 
is often revealed after tempering at 300°-350°F, a 
super-chill treatment increases this hardness by several 





Fig. 3—Operator is lowering a basket of transformers into the chill- 
ing chamber for a cold shock temperature cycling test at the Ray- 
theon Manufacturing Co. plant at Waltham, Mass. 


points, effecting longer wearing qualities. Ernest U. 
Day, Foreman of Hoover’s Tool Department, endorses 
their chilling machine for achieving “more accuracy 
and more stability”, the two prime requirements of tool 
and gage fabrication. (See Fig. 1). 

The Watertown Division of The New York Air 
Brake Company has relied for three years on a pro- 
duction chilling machine to achieve dimensional sta- 
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Fig. 4—This chilling machine is used to treat AISI 440-C. S. S. and 
SAE 52100 steels in order to minimize molecular rearrangement in 
the manufacture of tiny bearings at Miniature Precision Bearings, Inc. 
in Keene, N. H. 


bility in critical components. These tool steels are 
used: M2HSS, 9310, SAE 52100, Deward and SAE 
6150. According to H. E. Crouse, Heat Treat Foreman 
of the Watertown Division, “The stability required in 
these parts demands as near 100% transformation as 
possible from austenite to martensite. Our chilling 
machine has achieved this requirement to our complete 
satisfaction.” (See Fig. 2). 

Raytheon Manufacturing Co., Waltham, Mass., uses 
a low-temperature chilling machine to prove the ability 
of components to withstand abrupt severe variations in 
temperature. Resistance to thermal shock is a critical 
requirement for the magnetic components, transformers 
and inductors made by this company for military elec- 
tronic equipment. The cold shock temperature cycling 
test breaks susceptible parts. (See Fig. 3). 

Still another use for induction heating is shrink fitting 
of mating parts. Fig. 10 illustrates the assembly of mo- 
tor stator and refrigeration compressor into a steel case. 
The case is expanded by heat placed over the other 
components. The rotor for the same motor assembly 
is also heated by induction and located on the shaft for 
a shrink fit. 

Bearings that will operate at temperatures which 
may vary from -65° to 150°F require complete di- 
mensional stability. Miniature Precision Bearings, Inc., 
Keene, N.H., depends on a chilling machine to mini- 
mize molecular rearrangement in AISI-440-C.S.S. and 
SAE 52100 steels. This company also relies on chilling 


(Continued on page 51) 
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ACCURACY AND REPRODUCIBILITY IN 


SELECTING THE RIGHT TEMPERATURE 
CONTROL SYSTEM 


By R. S. DAY 
In Charge, Metalworkng 
Market Development Division, Marketing Department 
Leeds & Northrup Co. 
Philadelphia, Pennsylvania 


HERE ARE TWO very good reasons for present- 

ing this paper on temperature accuracy and repro- 
ducibility in heat treating. They are the same two 
reasons for instrumentation on any process. The first 
is economy, and the second is safety, one being as im- 
portant as the other. The need today throughout 
industry for higher production, lower operating costs, 
uninterrupted operation and tighter specifications high- 
lights the need for accuracy and reproducibility. 

Not so long ago you were, and perhaps still are, ex- 
posed to such terms as sensitivity, resolution, wide 
scale, narrow scale, and speed of response, in addition 
to both accuracy and reproducibility. It is not my in- 
tention to de-emphasize the importance of these terms. 
They are all related to our principal subject. However, 
these terms are instrument jargon. They are important 
to the instrument manufacturer. They have meaning to 
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the laboratory technician. But with the exception of 
accuracy and reproducibility they are of little im- 
portance to the heat treater. 

If five heat treaters were asked to define accuracy in 
temperature measurements, it is more than likely that 
we would get six answers. Instrument men think of ac- 
curacy in terms of instrument performance; process 
men think of accuracy in terms of process performance. 
Just as different instruments have different accuracy 
ratings, so different processes have different accuracy 
requirements. An operator in charge of the process of 
growing single crystals in the electronic field and one 
running a heat treating furnace in production think of 
temperature accuracy in two different ways. Yet, in 
the final analysis—putting all terminology aside—in 
any process the most important and most accurate de- 
termination of temperature is the product itself. 
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Fig. 1—Rates of case carburizing and carbon restoration. 
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Fig. 2—Carbon gradients at 1700°F. 
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Whether your controller is an indicator, recorder or a 
human operator, or your primary element a thermo- 
couple, radiation unit, resistance element, expansion 
bulb or the human eye, as long as your product meets 
your specifications—with hone or at most, minimum 
rejects—you know you are getting good temperature 
control. In heat treating it is the product character- 
istics which are affected by temperature, and it is tem- 
perature we are trying to control if the product is to 
be acceptable. 

Therefore, before discussing the importance of ac- 
curacy and reproducibility in selecting a temperature 
control system, we should first discuss the process 
known as heat treating. Basically, heat treating is a 
process by which we are trying to obtain desired metal- 
lurgical specifications by taking the product through a 
pre-determined time-temperature program. 

Whether you are hardening, tempering, annealing, 
carburizing, etc., the effects of time-temperature on the 
work are obvious. For example, Fig. 1 illustrates dif- 
ferent rates of carburizing at different temperatures for 
different lengths of time. Fig. 2 illustrates carbon gra- 
dients at a specified temperature. As you can see, for 
a given temperature there is a given percent carbon for 
a specified time. In other words, a definite time- 
temperature program under certain conditions will pro- 
duce a desired set of metallurgical specifications for a 
specific product. This then is the process. 
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The two questions a heat treater should now con- 
sider are what is the accuracy of obtaining desired 
metallurgical specifications for my specific product? 
And can I reproduce desired metallurgical specifica- 
tions at will? 

In answering these two questions, the importance of 
accuracy and reproducibility must be considered, not 
only from the standpoint of the primary element, the 
measuring instrument and controller, but also from the 
standpoint of the characteristics of the product, of the 
process equipment and of production. And only after 
all these elements are considered is the heat treater in 
the position to select a temperature control system 
which will meet the accuracy and reproducibility re- 
quirements for his process, product and production. 
The best instrumentation or control system will not 
make a good furnace out of a poor one, nor a good 
product out of poor material. 

Before considering the control system we offer these 
definitions of accuracy and reproducibility with regard 
to their importance in a heat treating process. Accuracy 
is the ability of a control system to measure and con- 
trol that temperature—within set limits at any time in 
a time-temperature program—which will provide a 
known set of metallurgical characteristics. Repro- 
ducibility may be defined simply as the ability of.a 
control system and process equipment to reproduce this 
known set of metallurgical characteristics at will. 








Characteristics of the Control System 


Main components of a control system are the pri- 
mary element and the controller. In heat treating 
applications the primary element is usually a thermo- 
couple, radiation unit, or a resistance element. In this 
discussion, we shall discuss only the thermocouple. 

Fig. 3 illustrates a thermocouple. It consists of two 
dissimilar wires like iron and constantan. These two 
wires are joined at one end to form a hot junction, and 
each wire is brought out to a respective terminal which 
forms the cold (junction reference) end. When a 
temperature difference exists between the hot and. cold 
junctions, an EMF is produced. If we hold the cold 
junction (reference junction) at a constant tempera- 
ture, say 32° F, then the changes made in EMF will be 
due to changes in temperature at the hot junction only. 
The magnitude of this change can be correlated to a 





Fig. 3—A typical thermocouple used in heat treating processes. 


change in degrees F or degrees C. The temperature 
measured is the temperature at the point of contact of 
the hot junction. It may be work temperature if the 
hot junction is in contact with the surface of the work, 
or it may be air temperature surrounding the work. 
Accuracy of the primary element may be defined as 
the difference in temperature measured by a standard 
work thermocouple and by a platinum-platinum rho- 
dium thermocouple certified by the National Bureau of 
Standards. For a standard iron-constantan thermo- 
couple we say that this error will not exceed + 4° F 
between — 100 and 530° F and + 3% % of temperature 
reading between 530 and 1400° F. By special selec- 
tion and checking procedures this can be improved 
upon. For Chromel-Alumel, accuracy of a standard 
couple is + 4° between 0° and 530° F and + %% 
between 530° F and 2300° F. For platinum-platinum 
10% rhodium, 24 B&S gauge, the accuracy is + 5° F 
between 0° and 1000° F and + % % between 1000° F 
and 2700° F. These figures are shown in Table 1. 
According to the definition of our process, heat treat- 
ing, and in line with our definition of accuracy as ap- 
plied to the heat treating process—‘“the ability of a 
control system to measure and control that tempera- 
ture—within set limits at any point in the time- 
temperature program—which will provide a known set 
of metallurgical characteristics,” the above accuracy 
information is of little importance. What is of major 
concern is the stability of the primary clement and its 
ability to read the same when exposed to the same 
temperature conditions—in short, reproducibility. Of 
course, it is assumed that rated operating conditions 
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such as atmosphere, temperature limit, etc. remain the 
same for each reading. To meet accuracy in repro- 
ducing a given set of metallurgical specifications it re- 
quires that each time we set the temperature for 900° F 
for a given length of time, we reproduce our results. 
The stability of a standard thermocouple, that is, its 
ability to reproduce the same EMF for a given 
temperature, we know is better than the + 4° or 
+ %4% stated above under accuracy. This is par- 
ticularly true for platinum-platinum rhodium thermo- 
couples where pure metals are used. It is also true of 
iron-constantan type thermocouples. Chromel-Alumel 
thermocouples, due to the fact that they are made of 
alloys, do not have the same stability characteristics. 

With regard to the instrument measuring the tem- 
perature and at the same time initiating control action, 
we have a similar situation. 


The American Standards Association has issued a 
specification on automatic null-balancing electrical 
measuring instruments (Specification #C39.4 dated 
1956) which states that the accuracy of automatic 
null-balancing electrical instruments is the difference 
between the indication and the true value of the 
measured quantity. This is usually expressed as a 
percentage of range span. An instrument man might 
define accuracy as + 3/10% of an instrument’s range 
span. This means an instrument with a range span of 
2000° F would measure to an accuracy of + 6 degrees 
F. But once temperature conditions are established 
which provide a known set of metallurgical character- 
istics, we are not primarily concerned with accuracy as 
stated above. As in the case of the primary element, 
our main concern is simply reproducing a measure- 
ment and in turn initiating proper control action. 

There is one term which I feel is a better measure 
of accuracy as applied to heat treating processes, and 
that term is dead band. The American Standards As- 
sociation defines dead band as the range through which 
the measured quantity can be varied without initiating 
response. This is expressed as percent of span. For 
example, with a temperature span of 2000° F and a 
dead band rating of 0.2%, the dead band would be 
4°F. This means that the temperature could change a 
maximum of 4° F without causing rebalancing action 
or corrective control action. 


Fig. 4 illustrates two complete control loops, one for 
each zone of a two-zone furnace. Each control loop 
consists of a primary element, measuring instrument 
and controller, and a control device. True accuracy 
is the sum of the errors of the primary element, meas- 
uring instrument and all other components used in the 
control loop. For example, if we were controlling at a 
temperature of 1600° F with the measurement being 
made by a platinum-platinum rhodium thermocouple, 
the maximum error of the primary element would be 
+ 42% of 1600° F or + 8° F. If the instrument 
making this measurement had a range of 2000° and an 
accuracy of + 3/10%, the maximum error of the 
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TABLE | 
Thermocouple Limits of Error for Standard Wire Sizes 
































Limits of Error 
Type of Thermocouple Temperature Range 

Standard Special 

Platinum, Platinum—10% Rhodium 
and 0to 1000 F + 25. ee 
Platinum, Platinum—13% Rhodium 1000 to 2700 F + 0.25% os 
Platinum, Platinum—10% Rhodium 0to 1000 F Sa os 

(#24 B&S gauge only) 1000 to 2700 F + 0.5% 

—310 to —100 F + 2% 
Iron and Constantan —100 to +530 F + 4F - =r E 2 
530 to 1400 F + %% + #%% 
Chromel and Alumel 32 to 530 F + 4F = eB 
530 to 2300 F + %% + %% 














instrument would be + 6°. Therefore, the maximum 
error from true temperature could be as much as 14°F, 
But accuracy of obtaining desired metallurgical speci- 
fications is a function not of true accuracy. Rather 
it is a function of reproducibility of a given tempera- 
ture condition which in turn is a function of the sta- 
bility of the primary element and the dead band of the 
measurement instrument. Whether the instrument is 
set to control at 1600° F or 1615° F is of little con- 
cern as long as the specified temperature setting repro- 
duces the desired metallurgical specifications. 


Reproducibility then is the ability of a control sys- 
tem to reproduce a given set of metallurgical specifica- 
tions at will. It is a function of the reliability and 
maintainability of the components used in each item 
of the control loop plus workmanship and skill in the 
manufacture of these items. As in the case of accur- 
acy, reproducibility also depends upon the proper selec- 
tion, proper protection and proper installation of each 
item in a control system in accordance with rated 
operating conditions. 

The quality of components, workmanship and skill 
are best measured by performance of actual field tests 
and installation. Installation, proper selection and 
maintainability of items of your control loop in turn 
become a function of the characteristics of your prod- 
uct, of your process equipment and of your production. 
These characteristics determine the best control system 
and permit you to select the one which will provide the 
best accuracy and best reproducibility for the job at 
hand. 


Characteristics of the Process, of the 
Product and of the Production 


The job of any control system is simply to put into 
a process the same amount of heat that it loses. If 
these heat losses were always constant, a pre-set heat 
supply could keep temperature in balance indefinitely. 
In practice, this never happens. Furnaces, for 
instance, must be shut down, started up, sometimes 
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idled, sometimes pushed. Cold work comes in; load 
size and work vary with production demand. 

To handle such changes efficiently, your control sys- 
tem must constantly readjust heat input so that the 
temperature reached by your product is not varied 
despite changing conditions. 

What are some of the characteristics of the process 
and process equipment which influence your selection 
of a control system? Primarily there are two—lag and 
thermal inertia. 

In the case of a heat treating furnace, refractory, 
muffles, or retorts through which the heat must flow 
represent heat barriers. The greater their number the 
greater the heat transfer resistance or lag, with the re- 
sult that there is a longer delay between the change in 
product temperature. And once this mass is heated— 
refractory, muffies, retorts—it also represents thermal 
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Thermal inertia of a process is its capacity to con- 
tinue moving in the same direction after heat supply is 
altered before it begins to move in the opposite direc- 
tion. The time it takes to turn a process around deter- 

(Continued on page 48) 
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HIGHLIGHTS OF 1939 IN THE INDUSTRIAL 
HEATING EQUIPMENT INDUSTRY 


By ROBERT E. FLEMING, Executive Vice President 


Industrial Heating Equipment Association 


Washington, D.C. 


1959 was a year of transition in the industrial heat- 
ing equipment industry. New orders for furnaces, ovens 
and combustion equipment recovered strongly from the 
recession of 1958. Although January and February 
registered only slight gains over 1958 averages, the 
vigor of the market was demonstrated in March when 
orders exceeded $6 million for the first month since 
September 1957. This March breakthrough was fol- 
lowed with great strength in April with orders at the 
$13 million level. By mid-year it was evident that the 
volume in 1959 would improve substantially over 1958. 
At that point, total orders for the first half were about 
double the volume attained in the first half of the pre- 
ceding year. For the balance of the year, demand 
continued strong and, as expected, total volume in the 
last half of 1959 surpassed the first half. 

Orders for induction heating equipment also demon- 
strated dramatic improvement. While the 1958 monthly 
average was only $553,000, the 1959 rate increased to 
over $1 million. In June the induction group experi- 
enced its best month since December 1955 with orders 
in excess of $2 million. Total business in the induction 
equipment sector in 1959 increased by more than 
125% as compared to 1958. 





Fig. 1—James H. Sands, Executive Vice President, Eclipse Fuel Engi- 
neering Co., Rockford, Ill. (second from left) receiving commendations 
for his work for the past seven months as Advisor to the Director 
of the Metalworking Equipment Division cf the U. S. Department 
of Commerce from (left to right) Horace B. McCoy, Administrator, 
Busi and Def Services Administration (BDSA); N. A. Nelson, 
Director, Metalworking Equipment Division; and Robert E. Fleming, 
Executive Vice President, Industrial Heating Equipment Association. 





The attached table reporting the volume of orders 
received for both classifications in 1958 and 1959 
shows very clearly the improvement experienced in 
1959. 

One year ago, leaders in the industrial heating equip- 
ment industry expected an expansion of business in 
1959, but very few of them were so optimistic as to 
expect that 1959 volume would be greater than that 
of 1957, a good year by most standards. Yet these are 
the results in both the furnace and induction segments 
of the industry. It is interesting to note that our top 
management people usually underestimate the volume 
of the market in a period of improving business con- 
ditions, and also generally underestimate the degree of 
contraction in a declining market. 

In a recent opinion survey, executives of IHEA mem- 
ber firms were asked to speculate on prospects for 
1960. It was almost unanimous that business would 
continue to improve for industrial heating equipment. 
Only one person anticipated that business would de- 
cline, and three executives expected that activity would 
remain at about the same level as 1959. Reports from 
officials of thirty-one companies expected business im- 
provement. The average of all predictions was a gain 
of 11.6% over the previous year. If business advances 
as our leading management talent expects, and there 
is every reason to believe it will, 1960 will be a good 
year for builders of industrial heating equipment. 

Foreign demand for American-built furnaces, ovens 
and combustion equipment expanded most encourag- 
ingly in 1959. For example, in the period January to 
October 1958, foreign orders for industrial furnaces 
totaled $4,392,000. In the same period of 1959, vol- 
ume of foreign orders rose to $8,180,000, an increase 
of about 90%. In both 1958 and 1959 the following 
countries have provided the best foreign markets for 
industrial heating equipment: 

Australia 

Brazil 

Canada 

India 

Italy 

Japan 

Mexico 

United Kingdom 
West Germany 
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Table I 
INDUSTRIAL HEATING EQUIPMENT 


(Not including Induction Egpt.) 








1957 


$ 8,775,162 


9,768,578 
10,485,477 
4,559,380 
5,389,450 
4,369,000 
4,331,781 
3,924,212 
7,463,059 
3,673,810 
2,831,786 
3,991,669 


$69,563,364 


INDUCTION EQUIPMENT 


1955 1956 
$ 5,574,000 $ 13,719,000 
6,216,000 15,638,000 
7,946,000 10,500,000 
9,404,000 11,114,000 
6,807,000 7,095,000 
6,413,000 8,223,000 
7,046,000 5,529,000 
8,981,000 8,110,000 
11,058,000 4,446,000 
12,283,000 10,130,000 
8,889,000 5,375,000 
9,009,000 7,237,000 
$99,626,000 $107,116,000 

1955 1956 

$ 912,829 $ 1,136,684 
854,683 856,053 
1,339,470 1,150,188 
636,478 1,363,111 
1,436,315 1,411,778 
1,352,107 847,460 
1,259,394 970,001 
1,480,642 1,024,536 
855,291 1,280,125 
893,362 1,407,853 
1,806,180 1,400,303 
2,092,955 726,573 
$14,919,706 $13,574,665 


ALL INDUSTRIAL HEATING EQUIPMENT 


. 


1957 
$ 744,454 
1,027,331 
784,019 
606,654 
927,083 
715,409 
1,325,272 
727,821 
470,105 
376,371 
741,399 
519,016 


$8,964,934 


(Summation of the two categories) 





JANUARY-FEBRUARY 1960 


1955 1956 
. $ 6,486,829 $ 14,855,684 
7,070,683 16,494,053 
9,285,470 11,650,188 
10,040,478 12,477,111 
8,243,315 8,506,778 
7,765,107 9,070,460 
8,305,394 6,499,001 
10,461,649 9,134,536 
11,913,291 5,726,125 
13,176,362 11,537,853 
10,695,180 6,775,303 
11,101,955 7,963,573 
$114,545,706 $120,690,665 


1957 


$ 9,519,616 


10,795,909 
11,269,496 
5,166,034 
6,316,533 
5,084,409 
5,657,053 
4,652,033 
7,933,164 
4,050,181 
3,573,185 
4,510,685 


$78,528,298 











1958 1959 
$ 3,047,320 $ 3,518,697 
3,683,947 2,741,432 
2,870,869 6,145,681 
3,571,968 13,328,453 
953,523 4,174,165 
3,671,598 7,029,269 
5,168,993 12,317,000 
3,532,619 8,143,000 
4,846,436 4,162,000 
3,104,677 11,370,000 
5,596,808 a> 
4,284,225 -— 
$44,332,983 $72,929,697 
1958 1959 
$ 629,989 $ 1,004,871 
373,604 1,147,171 
374,683 731,449 
434,604 1,268,274 
501,172 1,127,507 
602,656 2,137,210 
502,764 1,911,000 
382,586 1,283,000 
888,167 1,374,000 
743,152 954,000 
585,649 = 
623,445 — 
$6,641,471 $12,938,482 
1958 1959 
$ 3,677,309 $ 4,523,568 
4,057,551 3,888,603 
3,245,552 6,877,130 
4,006,572 14,596,727 
1,454,695 5,301,672 
4,274,254 9,166,479 
5,671,757 14,228,000 
3,915,203 9,426,000 
5,734,605 5,536,000 
3,847,829 12,324,000 
6,182,457 — 
4,907,670 — 
$50,974,454 $58,868,179 
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In 1960 the trend of industrial heating equipment 
exports is expected to level off but still provide mod- 
erate improvement over 1959. More members of our 
Association are making an effort to promote the sale 
of their equipment abroad than ever before. They are 
learning that industries in the manufacturing centers 
of the world prefer American equipment if they can 
afford to pay for it. Many foreign firms are making 
the necessary special efforts to procure heating equip- 
ment of United States manufacture because they know 
they are getting the best that is available. 

It is usually more difficult to handle an export order 
than a domestic one and it is also somewhat more frus- 
trating; but, as some of our members report, it is nor- 
mally more profitable and the post-sale problems are 
fewer and less troublesome. Moreover, once a foreign 
customer is satisfied with your equipment, it is much 
easier to get the next order because the quality of your 
product is given due recognition. 

In addition to the increasing volume of export ship- 
ments of industrial heating equipment, our industry has 
strengthened its position in world markets during 1959 
by licensing the manufacture of its products in the 
principal industrial countries. For many firms, this has 
been profitable and the relationships developed are re- 
warding. In some instances the results of research by 
the foreign licensee has been of value to the USS. li- 
censor. In 1960 and in succeeding years, it is expected 
that joint venture operations in underdeveloped coun- 
tries will become more popular and more profitable 
than licensing agreements in other countries. 

In the domestic market during 1960, it is almost 
axiomatic that “Cost Reduction” and “Quality Im- 
provement” will be the subjects given unprecedented 
attention. These are the only hope of American in- 
dustry in a period of spiraling wages and greater fringe 
benefits all of which feed the fires of inflation which 
is the deadliest of economic forces. The only solution 
lies in greater productivity of capital equipment. This 
is the challenge facing American industry in 1960, 
the modernization of production facilities to obtain re- 
quired economies to cover rising costs and to provide 
a profit. 

In addition to the economic impediments, there are 
tax regulations which make the problems of getting 
modern, efficient production equipment more difficult 
than they ought to be. Instead of fostering policies 
which would assist industry in the acquisition of mod- 
ern production equipment, the U.S. Government per- 
sists in retaining antiquated and unreasonable tax 
regulations governing depreciation of capital equip- 
ment. The present “Table of Useful Lives” under 
Bulletin F is much too inflexible, completely ignoring 
the facts of industrial life in this age of rapid tech- 
nological advancement. This subject is expected to 
receive attention in this session of Congress, but it is 
doubtful that any real changes will be made in existing 
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regulations because the criterion is not what is best for 
the country economically, but rather, how much taxes 
must the Bureau of Internal Revenue collect in this 
year. It is also doubtful that any liberalization of de- 
preciation regulations can be achieved without over- 
whelming support of industry. In the future, industry 
must take a more active part in letting Congress know 
how it feels about legislation which has an effect on 
business. It is not unreasonable to hold that action 
for a more favorable depreciation policy would be suc- 
cessful if all segments of the capital equipment indus- 
tries would apprise Congress in an effective manner of 
their views on the evils of present depreciation rules. 


Another great impediment to business progress is 
the general income tax situation, which even Chairman 
Miles of the House Ways and Means Committee sug- 
gests is a mess and a gyp. Several bills are to be given 
consideration which, if passed, would modify existing 
regulations to the advantage of the income tax struc- 
ture. It remains to be seen whether Congress will en- 
tertain them seriously. We can be sure that little will 





Fig. 2—Following the swearing-in ceremony as the new Advisor to 
Director Nelson of the Metalworking Equipment Division of the De- 
partment of Commerce, Henry G. Magnussen, (left) a director of 
Lindberg Engineering Co. and Vice President of Lindberg Stee! Treat- 
ing Co., both of Chicago, Ill. receives the congratulations of (left to 
right) Director N. A. Nelson and Robert E. Fleming. 


be done in a constructive way unless and until enough 
expression is received from those who are disadvan- 
taged most by present income tax regulations—business 
and industry. 

In another area of less importance than deprecia- 
tion and general overhaul of income tax regulations we 
can expect some improvement. This is the modification 
of the Buy American Act which will be given appro- 
priate attention by Congress. Last fall, procurement 
with International Monetary Funds was limited to U.S. 
suppliers in place of world-wide procurement. This 
was a step in the right direction. If such a policy were 
extended to all foreign grants and loans made by the 
U.S. Government, we would see more prosperity at 
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home and perhaps a few million dollars in additional 
tax revenue available to our government. Off-shore 
procurement puts nothing in the U.S. Treasury. 

In 1959 the work of the industrial heating equip- 
ment industry has been more productive, however, in 
connection with the Executive Branch of the govern- 
ment. Ties were strengthened between our industry 
and several Government agencies, particularly the De- 
partment of Commerce. Under the WOC program, 
which brings to the U.S. Department of Commerce 
highly-qualified executives from important industries, 
our group has furnished two eminently qualified ex- 
ecutives for the first time in 1959. These industry men 
serve in an advisory capacity, on a full-time basis, with- 
out compensation. They are truly modern-day patriots 
who, in sacrificing their time and effort, create lasting 
benefits for their industry and their government. 


Starting early in 1959, Mr. James H. Sands, Execu- 
tive Vice President, Eclipse Fuel Engineering Com- 
pany, Rockford, Illinois, served for seven months as 
Advisor to Mr. N. A. Olsen, Director, Metalworking 
Equipment Division. Under Mr. Sands’ guidance, im- 
portant programs to our industry were initiated, in- 
cluding a significant survey of the industrial heating 
equipment industry. The results of this study are 
expected to be published within the next month. Copies 
will be available from the Industrial Heating Equipment 
Association. On leaving his government post, Mr. 
Sands said he was greatly impressed by the results 
attainable through Industry-Government cooperation 
and expressed the hope that our industry would con- 
tinue to participate in this program. (See Fig. 1). 


On December 1, 1959, Mr. Henry G. Magnussen, a 
director of Lindberg Engineering Company and Vice 
President, Lindberg Steel Treating Company, Chicago, 
Illinois, was sworn in by BDSA Administrator Horace 
B. McCoy for a six months tour of duty. (See Fig. 
2). Mr. Magnussen is the present Advisor to the 
Director, Metalworking Equipment Division, in charge 
of all activities relating to the industrial heating equip- 
ment industry. A particularly difficult assignment for 
him will be the development of military requirements 
for industrial heating equipmept during a period of 
national emergency. Mr. Magnussen will confer with 
representatives of all branches of the Military Estab- 
lishment in developing these requirements. 

During 1959 the National Defense Executive Re- 
serve was strengthened by the appointment of several 
outstanding persons from our industry. They will serve 
as top government executives in the agency in charge 
of industrial production in the event of war. Members 
of the NDER from our industry are: 


W. E. Benninghoff, Vice President, The Ohio Crank- 
shaft Company 


H. M. Heyn, Vice President, Surface Combustion 
Div., Midland-Ross 
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W. H. Holcroft, President, Holcroft and Company 
C. L. Ipsen, Retired 


C. B. Kentnor, Jr., President, W. S. Rockwell Com- 
pany 


R. W. Kise, Manager-Marketing, General Electric 
Co., Industrial Heating Department 


J. A. Logan, President, Ajax-Magnethermic Cor- 
poration 


C. F. Olmstead, President, Lee Wilson Engineering 
Company, Inc. 


H. B. Osborn, Jr., District Manager, TOCCO Divi- 
sion, The Ohio Crankshaft Company 


W. J. Parsons, Senior Vice President, Pacific Scien- 
tific Company 


L. B. Rosseau, President, Ajax Electric Company 


J. H. Sands, Executive Vice President, Eclipse Fuel 
Engineering Co. 


W. E. Sauter, General Manager, C. I. Hayes, Inc. 


R. A. Schoenfeld, Vice President, Industrial Div., 
Lindberg Engr. Co. 


E. E. Staples, Vice President, Hevi-Duty Electric 
Company 


R. E. Fleming, Executive Vice President, Industrial 
Heating Equipment Association 


With these men already appointed to serve in the 
event of hostilities, our industry can feel confidently 
that activities will be handled with competence and 
objectivity. 

Thus, in 1959, for the first time, the industrial heat- 
ing equipment industry has been recognized by govern- 
ment as one of the industries of ultimate significance 
in the metalworking field and one upon which all indus- 
try is dependent. This recognition is long overdue. 
Nevertheless, we are glad that at long last the tremen- 
dous importance of our industry and the complete de- 
pendence of industrial operations on metal melting and 
metal treating operations is acknowledged. As we look 
to the future, it is inevitable that the industrial appli- 
cation of heat will become increasingly more important, 
and that the ingenuity and talent of the builders of 
industrial heating equipment will become an even 
greater contribution to the productivity and prosperity 
of the nation. ® © © 











THE TEMPERING CHARACTERISTICS OF 
A COMMERCIAL, HIGH-SILICON. 
LOW-CHROMIUM CARBON STEEL 


By S. NIEDZWIEDZ and A. TAUB 
Department of Metallurgy 
Technion — Israel Institute of Technology 
Haifa, Israel 


5 enamel carbon steels are finding employ- 

ment on an increasing scale in engineering because 
their stability at moderately elevated temperatures, 
coupled to their low costs, makes their use attractive. 
Springs made out of high-silicon steels have lower 
hysteresis and less relaxation than many higher priced 
spring steels. They even have proved to be valuable 
for shallow hardening tools and dies where stability in 
the 150-300°C range is of importance and relatively 
high abrasion characteristics are necessary. 
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The stability of high purity iron-carbon-silicon 
alloys was reported by Allten and Payson”? who found 
that quenched high silicon alloys did not soften in the 
150-250°C range even for prolonged tempering times. 
They attributed this anomaly to the greater amounts 
of energy necessary, with increasing silicon content, 
to initiate cementite nucleation in the martensitic struc- 
tures of these steels. This additional heat energy has 
to be supplied in the form of increased tempering 
temperature. 

Owen“) found that upon tempering quenched high- 
silicon iron-carbon alloys, the cementite precipitates 
in a spherical form contrary to silicon-free, iron-carbon 
alloys where it is formed in a mixture of rod-like shapes 
and spheres. Further tempering these silicon free alloys 
at higher temperatures (540°C), resulted in complete 
spheroidisation; therefore, Owen concluded that sphe- 
roidal precipitation in the silicon steels is the natural 
consequence of their high-silicon content. 

This work was undertaken in order to find out the 
deviations in behaviour of a commercial high silicon 
steel, whose analysis with the usual impurities and 
further necessary additions is actually based on the 
above mentioned high-purity, high-silicon, iron-carbon 
alloys. 

The steel employed was Pompey PSK, manufactured 
by Soc. des Acieries de Pompey, France, with the fol- 
lowing analysis: — 


Carbon 0.61% 
Silicon 1.86% 
Chromium 0.39% 
Manganese 0.92% 
Phosphorous 0.032% 
Sulphur 0.010% 
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Fig. 1—Curves of equal hardness as a function of time-temperature 
combinations in tempering. Curves show unequal density in hardness 
distribution. 
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©) Allten, A. G. and Payson, P., The Effect of Silicon on the 
Tempering of Martensite, “Transactions,” A.S.M. Vol. 
45, 1953. 

(2) Owen, W. S., The Effect of Silicon on the Kinetics of Tem- 
pering, “Transactions,” A.S.M. Vol. 46, 1954. 
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°C min. 7 15 30 60 120 240 420 

Temperaiure 
200 62 62 61 61 61 59.5 59.5 
250 60.5 60.5 60 59.5 59.5 59.5 59.5 
300 60 60 59.5 59.5 59.5 59.5 58 
350 59 59 58.5 57 57 57 57 
400 57 56 56 js Be 55 51.5 51.5 
450 53 53 50.5 50 49.5 48 47.5 
500 48 48 47 46.5 46 45.5 45 
550 46 46 43.5 43 43 41 38 
600 43 43 39.5 39.5 38.5 36 34 
650 37 36 35.5 35 33 31 27 
700 34 33 30.5 29.5 27.5 24.5 20.5 


Results of tempering experiments at different temperatures for varying lengths of time. 


This steel is similar in its analysis and properties to 
the SAE 9260, 9261 and 9262 series of steels. In the 
course of the experimental heat treatments, small sized 
samples were used in order to eliminate possible size 
effects because of their low heat content. The develop- 
ment of mixed structures which are due to temperature 
gradients in shallow hardening steels were thus avoided. 
The samples were 8 millimeter in diameter and 1.5 mm 
thick, with a 2 mm diameter hole drilled through the 
middle of the disk for ease of handling. For each stage 
of measurement (see Table 1), three samples were 
used for verification. 


Samples were austenitised at 830°C for six hours, 
to obtain high austenitic homogeniety and then 
quenched into a liquid meal bath™ held at 90°C. 
From there they were quenched into water. Micro- 
scopic examinations revealed 5% retained austenite in 
a pure martensitic structure. Although the S curve 
nose is only about two seconds away from zero line, 
microscopically pure carbide-free martensite was ob- 
tained. This was attributed to the fact that the heat 
transfer from the steel sample to the liquid metal bath 
is much quicker than the heat transfer to a water bath 
even if it is held at sub-zero temperatures. Subsequent 
experiments revealed that liquid metal followed by 
water quenching produced always a thicker hardened 
layer in shallow hardening steels than brine, provided 
the temperature of the metal bath was below the per- 
taining Ms temperature of the metal. 


The selected hardened samples were subsequently 
tempered at temperatures from 200° to 700°C at 50°C 
intervals, for 7, 15, 30, 60, 120, 240 and 420 minutes. 
At each time-temperature combination, three samples 
were employed and thus a total of 231 samples were 
tested. The results summarized in Table I represent 
the arithmetic average of 12 hardness tests, or 4 tests 


(3) Rosen, A., and Taub A., An Investigation of the Marten- 
sitic Area of the TTT Diagram of a High-Silicon Carbon 
Steel. The Technion, Israel Institute of Metals, I.1.T., 
1959. 
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on each sample. The hardness tester was recalibrated 
after each group of three specimens, and the maximum 
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Fig. 2—Hard es a function of ing ¢ for stant 
times cf tempering. Comparison between the curves show the 
effect of time wpon hardness at a given tempering temporatrre. 

in ing is very obvious in the 200°—300°C 
temperature range, while a similar tendency, but to a lesser degree, 
is indicated in the temperature range of 480°—520°C 








deviation experienced did not exceed one-half of a 
point on the Rockwell C scale. The hardness non- 
homogeniety of the samples was of the same order and 
therefore no further corrections were contemplated 
since they would have fallen within the experimental 
error. The results of Table I were regrouped to pro- 
vide iso-hardness lines at intervals of 5 points on the 
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a problem in labor arbitration taken from the 
files of the American Arbitration Association 





The Case of the Electric Motor Inspector 

When an opening occurred for a class B inspector 
in a plant making fractional horsepower electric motors, 
management decided to offer the spot to a bench as- 
sembler, Fred G., who seemed to have the best quali- 
fications. The only trouble was that he didn’t have as 
much seniority as Paul A., another assembler, who 
wanted the job. 

“The union contract calls for application of seniority 
in promotions only where both applicants are qualified 
for the job,” explained the foreman. “I admit that 
either one of you two men could handle class B in- 
spector work, but we want to give the job to an em- 
ployee who has it in him to advance still further. Fred 
has been going to night school and learning to read 
schematics. We might want to push him into a class A 
spot some time in the future.” 

“I’m not interested in the future,” Paul said, as he 
filed a grievance. “The contract requires only qualifica- 
tions for the job to be filled right now, and that’s all 
that counts.” 

Eventually, the case went to arbitration under the 
rules of the American Arbitration Association. 

What Would YOU Do? 
THE AWARD: The arbitrator studied the class B in- 
spector job description and found no reference to sche- 
matic or blueprint reading. Under the circumstances, 
he said, the two men were substantially equal in ability 
to do class B work and the promotion should go to the 
senior man. He acknowledged there was logic to the 
company’s desire to promote a man who would be 
more likely to advance further, but that was a matter 
for negotiations, not arbitration; there was nothing in 
the contract to permit management to consider any- 
thing except qualifications for the immediate opening. 

The Case of the Back-Tracking Mechanic 

Stanley T. saw a maintenance mechanic job posted 
on the bulletin board and thought that would be just 
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the thing for him. Without inquiring any further he 
put in his bid. A few days later he was notified that in 
view of his ability and top seniority among the appli- 
cants, the job was his. He was to start the following 
Monday, four days off. 

During the interval, however, Stanley discovered that 
maintenance mechanics have to work one Sunday every 
month. That put the job in a different light. He noti- 
fied personnel to cancel the reassignment. 

“It’s too late to back out,” said the personnel mana- 
ger. “You asked for the transfer and you got it. We 
can’t start inviting bids all over again and keep the 
maintenance job open indefinitely.” 

The union didn’t see it that way. “There's a thirty 
day probation period when a man is transferred to a 
new job,” the international representative said. “That 
gives a man the right to change his mind within that 
time. And his right is even clearer now because he 
hasn’t started on the new job yet.” 

The company finally decided not to insist on Stanley’s 
transfer, but invoked arbitration to get a ruling on who 
was right. 


What Would YOU Do? 

THE AWARD: The arbitrator didn’t go along with the 
union’s claim that the 30-day probationary period gave 
a man the right to go back to his old job. That pro- 
vision was put in the contract for the convenience of 
the employer, he said, to determine a man’s suitability 
to his new job. It could not be invoked by the work- 
ers. But the arbitrator said Stanley had a right to 
change his mind up to the time he actually started 
working on the new assignment. Admittedly, the 
change in plans involved extra paper work for man- 
agement, but such paper work is a “management 
function,” the arbitrator said, which “cannot be used 
as a reason to force an employee to accept an assign- 
ment before transfer” where the assignment was vol- 
untary on his part in the first place. 


METAL TREATING 











Send for this 


New Booklet to Help Improve 


Your High 
Temperature 
Processing 





ail 


Covers Norton refractory brick 
applications, characteristics, 
chemical analyses — includes 
helpful data on materials 


of construction for temperatures 
up to 4,400°F. 





PR RACTORY 
ICk 








This new, 24-page Norton booklet can be a dependable guide- 
book for your selection of the refractories you need to improve 
production and cut costs in high temperature processing. 

Eight Norton-developed refractory materials are covered: 
ALUNDUM* “T”’ 87% Alumina; ALUNDUM “A” 99% Alumina; 
ALUNDUM “L” 99% Insulating Alumina; CRYSTOLON* “G” 
Silicon Carbide; CRYSTOLON “N” Nitride Bonded Silicon Car- 
bide; MAGNORITE* ““K”’ Fused Magnesia; Zirconia “H’’ Dense 
Zirconia; Zirconia “I’’ Insulating Zirconia. 

All essential details are listed, such as: how each material is 
produced . . . important properties, characteristics and chemical 
analyses . . . shapes of brick and other molded products that are 
available . . . representative applications . . . packing methods 
that assure safe arrival. 

Also included are charts and tables of brick shapes and sizes, 
thermal expansion and conductivity graphs, and a temperature 
conversion chart. 


Norton refractories — engineered and prescribed for the 
widest range of applications — have helped many users save 
time and money. The R’s described in “Norton Refractory 
Brick . . . for Industry’’ may do the same for you. Write for 
your copy to Norton Company, Refractories Division, 620 
New Bond Street, Worcester 6, Massachusetts. 


WNORTONE 


REFRACTORIES 
Engineered... R ... Prescribed 
Glaking better products ... to make your products befter 


*Trade-Marks Reg. U.S. Pat. Off. and Foreign Countries 








HORTON PRODUCTS Abrasives + Grinding Wheels + Grinding Machines + Retractories + Electrochemicals — BENR-MANWING DIVISION Coated Abrasives + Sharpening Stones + Pressure-Sensitive Tapes 
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3 = me ee SS This Lindberg Furnace, 
>a i \ Leeene Model CT3848-A, is being 
‘eae © ao used at Ingersoll Milling 
- i Machine Company, Rock- 
ford, Illinois, for harden- 
Wy Viddaddca ing Ingersoll inserted 


blade milling cutter bodies 
and also for gas carburiz- 
ing. Itis equipped with 
Lindberg's exclusive 
CORRTHERM electric 
heating elements. Tem- 
perature range 1850° to 
2000°F. 


ener 





THIS VERSATILE LINDBERG FURNACE BELONGS 
IN MOST ANY METAL WORKING OPERATION 





Heat treating installations across the country, 
captive or commercial, have found the versatility 
and dependability of this Lindberg furnace, either 
electric or fuel fired, a great production asset. Used 
at Ingersoll for hardening and carburizing, it is also 
ideal for a variety of heat treating needs including 
normalizing, annealing and tempering. This furnace 
occupies little floor space, handles a large volume 
of production and its rugged construction keeps 
maintenance costs uniformly low. At Ingersoll, it is 
one of several Lindberg furnaces in regular opera- 
tion. Others include pit and box type Lindberg 
Cyclones and an L-type Furnace. Atmospheres are 
provided by Lindberg Hyen Generators. 


Lindberg has developed a wide variety of equip- 
ment for any industrial heat treating requirement. 
We provide everything from individual furnaces to 
complete, automated heat treating installations. 
These can either be factory-built or installed in 
your own plant. For the most satisfactory answer 
to any heat treating problem see your local Lind- 
berg field representative (consult your classified 
phone book) or write direct to Heat Treating 
Division, Lindberg Engineering Company, 2466 
West Hubbard Street, Chicago 12, Illinois. Los 
Angeles Plant: 11937 South Regentview Avenue, 
Downey, California. In Canada: Birlefco-Lindberg, 
Limited, Toronto. 
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Fixture being loaded with 
work while furnace is treating 
another load. Treated load will 
be removed and new load in- 
serted quickly and easily. : 

p oo 
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CORRTHERM heating ele- 
ments operate at extremely 
low voltage so heat leakage 
through carbon saturation is al 
eliminated and shock or short " 
hazard prevented. Makes pos- 
sible use of electricity for car- 
burizing withoutfurnace retort. 




















1 Salt Bath Furnaces: Complete line of Lind- 
ro-Upton equipment for all types of salt bath 
treatment. Shown: | Wi tor alumi 
dip brazing. 
2 Melting and Holding Furnaces: Equipment 
for any non-ferrous metal requirement including 
electric resistance and induction reverbera- 
tories, crucible and two chamber induction 
units. Shown: 350 KW Induction Furnace with 
30,000 Ib. capacity. 










For full information on any type of 
Lindberg equipment see your local 
Lindberg field representative (look in 
your classified phone book) or write to 
Lindberg Engineering Company, 2466 
W. Hubbard Street, Chicago 12, Illinois. 





The Lindberg installation at Ingersoll 
includes one of our L-type Furnaces, 
ideal for treating high speed steel. 


THERE'S LINDBERG EQUIPMENT FOR EVERY INDUSTRIAL HEATING NEED 








Atmospheres for Lindberg furnaces at Ingersoll are 
provided by Lindberg's Hyen Generator, a fully automatic 
process for producing endothermic atmospheres. 
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High Frequency Units: Complete range 
of induction heating units and furniture. 
Shown: New Induction Billet Heater for 
aluminum extrusions. 

Pilot Plant Equipment: Compiete group 
of intermediate sized furnaces for pilot 
plant and smali production application. 
Shown: New Graphite Tube Furnace, 
temperature range 2500°F. to 5000°F 


pheres. 


oe 


all required furnace atmospheres. Shown: 
Hyen Generator for endothermic atmos- 


6 Ceramic Kilns: All types of kilns: auto- 
matic, atmosphere controlled, high tem- 
perature, tunnel and periodics. Shown: Pe- 
riodic Kiln, temperature range to 3250°F. 





7 Heat Treating Furnaces: For every req 
ment, large or small, electric or fuel fired, 
tory built or field-instalied. Shown: Rotary 
Hearth Furnace field-instalied by Lindberg 
Industrial Division. 
Laboratory Furnaces: Complete line of labora- 
tory furnaces from simple hot plates to spe- 
cialized research units. Shown: Versatile, wide 
y Box Furnace. 


juire- 
fac- 




































THE USES OF INDUCTION 
HEATING 


Induction heating is based on 
the ability of metals to conduct a 
current. (High frequency power can 
also heat nonconductors such as 
plastics. Electronic ovens and dia- 
thermy machines are further ex- 
amples of what is called dielectric 
heating.) To heat metals by in- 
duction, the work is made the 
secondary of a transformer; the in- 
ductor coil is the primary. An iron 
core, common in power transform- 
ers, is rarely used for induction 
heating. The secondary is effec- 
tively a single turn and is shorted; 
it carries relatively large currents 
which show up as heat. 

Magnetic materials also develop 
heat through hysteresis (the same 
magnetic friction which causes 
Junior’s train transformer to heat 
up when it’s plugged in, even if the 
trains aren’t running). 

Makers of induction equipment 
also have to consider the “skin ef- 
fect.” Explanation: The induced 
current has a tendency to push to 
the outside of the workpiece; higher 
frequencies concentrate more of the 
current and heat on the outer sur- 
face—the principle can be used to 
obtain a hardened surface with a 
ductile core. For production work, 
a frequency is selected which will 
give the desired depth of heating. 

Depth of heating is an inverse 
function of the square root of the 
frequency, so it is possible to adjust 
the heat penetration by varying the 
input frequency. Work temperature 
is governed by the power input and 
the period of application. There is 
little tendency for heating to occur 
outside the coil area; heating of a 
relatively small spot is possible 
where a iocal anneal is desired. 

As would be expected, the nature 
of the material also affects the way 
it reacts to the induction of the coil. 
Permeability and resistivity, the 
other factors influencing penetration 
of the heating current, are depend- 
ent upon the charge material. If 


the charge material is constant, the 
remaining variable is frequency, so 
it is adjusted to secure the required 
depth of penetration. 


Equipment Varies 

Induction apparatus, widely va- 
ried, can take many forms. The na- 
ture of the equipment will depend 
on the job to be done and the fre- 
quency required. Some apparatus 
operates at 60 cycles, the normal 
frequency of alternating current sup- 
ply. A transformer, often with cap- 
acitors to correct the power factor, 
is the heart of this type installation. 
Used for heating large cross sec- 
tions, line frequency installations 
are employed for melting of non- 
ferrous metals, heating of billets 
for forging and extrusion, and simi- 
lar applications. 

Static type circuits may be used 
to provide frequencies higher than 
the line input. A recent innovation 
is a device which, from a three 
phase, 60 cycle input, provides a 
180 cycle output. Although the fre- 
quency is triple that of the input, 
no moving parts or vacuum tubes 
are employed. 

For somewhat higher frequencies, 
rotating converters (motor-genera- 
tor sets) are often used. They may 
be two separate units, or both sets 
of windings may be enclosed in a 
single housing. Often, the single 
shell type is constructed with a 
vertical rotor, with a resulting sav- 
ing in floor space. For practical 
reasons, such equipment is usually 
designed for output frequencies of 
10,000 cycles or below. Such motor- 
generator sets can be built to sup- 
ply up to 500 kw output, to supply 
coreless induction melting furnaces 
up to 10 tons in capacity. They are 
also used for billet heating. Forced 
cooling can reduce the size of motor 
generator units; efficiency of the 
units tends to decrease at higher 
frequencies and may run from 90 
to 60 per cent. 

The oldest known method for the 
production of high-frequency en- 
ergy is still widely used. The spark- 





gap oscillator has the advantages of 
electrical and mechanical simplicity 
and is used in the range of 12,000 
to 60,000 cycles—the lower fre- 
quencies are generally used for melt- 
ing. 

The input feeds a transformer 
which provides an output on the 
order of 4000 volts. Applying the 
voltage across a series circuit con- 
sisting of a condenser system, the 
spark gap, and the work coil in- 
duces an oscillating current in this 
“tank” system when the spark gap 
passes current. Since a burst of en- 
ergy is released each time the volt- 
age reaches the value at which the 
spark develops, there would be 120 
such bursts each second on 60 
cycle input. Sizes of the condensers 
and coil in the output circuit deter- 
mine the frequency of the power in 
the bursts. 

High frequency output on the 
order of 250,000 cycles and above 
is commonly obtained with vacuum 
tube type units. Similar to radio 
broadcasting stations, they will pro- 
vide a continuous power source, 
rather than the series of bursts char- 
acteristic of the spark-gap units. 
The tubes replace the spark gap as 
the switch which controls the flow 
of energy. Output is usually 50 kw 
or less in single cabinet units, but 
units several times that size have 
been constructed. 

Mercury vapor or mercury arc 
tubes for the conversion of power 
line frequencies to higher values 
have been used to some extent, but 
the time required for the tube to de- 
ionize so that the cycle can be re- 
peated limits the available frequen- 
cies to about 1000 cycles. 


Melting 


Induction melting, the first prac- 
tical application of the method, is 
still widely used and is getting an 
added boost in the production of 
vacuum induction melted alloys. 
Core type units, in which the molten 
metal moves through the primary 
coil, are in wide use in the nonfer- 


(Continued on page 44) 
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Beareat tool steel is performing bril- 
liantly at The Metal Arts Co., Ine., 
Rochester, N. Y., where it is used in 
enbossing 10k gold ring shanks and 
bezels for high school and college class 
rings. Bearcat was suggested by our 
local tool steel distributor, The Burke 
Steel Co., Inc., Rochester, 

“Of course there are other grades 








tro mi 
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BETHLEHEM TOOL STEEL 





BEARCAT EMBOSSES INTRICATE GOLD 


10k gold strikings for class rings no problem 
for this outstanding shock-resisting tool steel 


which might be satisfactory,” the Burke 


representative told them, “but what you 
are looking for is outstanding shock- 
resistance. Put Bearcat to work in this 
job and you'll never be sorry.” 

At last report, the dies were bear- 
ing out the prophecy. Hardened to 
Rockwell C-58-59, and operating in 
drop hammers, they had turned out 
thousands of the intricate gold strik- 
ings, without any sinking or breaking. 

Bearcat, our super grade of shock- 
resistant air-hardening tool steel, 
takes shock jobs in stride, and has 
superior wear-resistance. And because 
it’s air-hardened, Bearcat minimizes 
quenching hazards and distortion in 
heat-treatment. 

Next time you’re looking for a 
really tough tool steel, team up with 
Bearcat. You'll be glad you did. 











ENGINEER SAYS: 


Stainless Is Tou gh 
On Tools 





Many items formerly made of soft steel 
are now being made of stainless steel. 
The austenitic stainless steels (AISI 
300 series) are popular because of their 
corrosion-resistance, plus their strength 
and oxidation-resistance at moderately 
high temperatures. 

Whenever stainless parts are made 
with tools formerly used on soft steel, 
there is a marked decrease of produc- 
tion of parts per tool. For example, on a 
simple blanking operation on stainless 
steel, the production per grind on the 
punch and die usually is about one quar- 
ter of the production on soft steel. 

Though it is rarely possible to 
change conditions so that the “normal” 
tool life can be realized when making 
stainless parts, some improvements can 
be made. For example, if the blanking 
tools were originally made of AISI W1 
water-hardening or O01 oil-hardening 
tool steels, a change to D2 high-carbon, 
high-chromium tool steel is suggested. 
This change will improve the tool life 
from two to three times. Or if D2 high- 
carbon, high-chromium tool steel is al- 
ready being used, it may be necessary 
to carburize, or to nitride, in order to 
improve the wear-resistance. Close 
attention must be paid to mechanical 
conditions, such as proper clearance 
between punch and die, proper penetra- 
tion of the punch, and optimum grind- 
ing procedurcs in finishing the tools. 

Because stainless is tough on tools, 
careful planning is necessary for good 
tool life. 


Write for 
BETHLEHEM TOOL STEEL 
LITERATURE 


If you would like to have booklets on our tool 
check 


Hot Work ( Oil and Air Hardening 
High Speed Special Purpose 


CO Carbon and Carbon- 1) Lehigh H (high-carbon, 
‘anadium high-chrome) 


OC Shock-Resisting O Bearcat 


O Tool Steel Selector 
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HEAT TREATER REDUCES COSTS 
WITH MECHANIZED EQUIPMENT 
(See Front Cover) 


The business of commercial heat 
treating is particularly vulnerable 
to the frustrating pressures of com- 
petition. Price, quality and delivery 
still represent the lifeblood of job 
shop operations, although | their 
order of importance may shift oc- 
casionally. In the race to offer the 
best price, quality and delivery, the 
commercial plant has constant prob- 
lems involving equipment main- 
tenance, replacement, fixed overhead 
and labor. 

In an effort to expand and im- 
prove existing operations, Syracuse 
Heat Treating Corp., Syracuse, New 
York, recently purchased a com- 
plete new heat treat line. The line 
includes a completely automatic, at- 
mosphere controlled Allcase® fur- 
nace with enclosed quench, a spray 
washer, a recirculating air draw 
furnace, and an 800 cfh MRX gas 
generator. All of the equipment was 
built by Surface Combustion Cor- 
poration, Toledo, Ohio. 

Many of the older furnaces previ- 
ously used by Syracuse Heat Treat- 
ing have been eliminated by the new 








S .. 


heat treating line. Liquid carburiz- 
ing and cyaniding have been virtu- 
ally eliminated with exception of a 
few jobs that require differential 
hardening. Straight hardening is 
now mostly performed in the All- 
case furnace. Pack carburizing 
(within the size range of the new 
setup) has been eliminated. Also, 
many normalizing jobs are now be- 
ing performed in the new setup. 

Carburizing costs have been re- 
duced almost 50 per cent for various 
types of work processed. These sav- 
ings may now be passed along to 
the customer. Other benefits are 
cleaner scale-free work because of 
easy quench oil removal and no 
contact of the work with outside air. 
Faster heating rate of the new fur- 
nace and better heating conditions 
in the draw, along with better han- 
dling methods, have practically cut 
delivery time to one half. 

The Allcase furnace makes it 
possible to reduce rejects of a com- 
plicated valve plate to zero. The 
plate is ,4;" thick by 8” long and 5” 
wide, containing 30 holes of differ- 
ent size and shape, with some of 
them blind. An allowable limit of 
15 per cent rejection was the pre- 





Typical sampling of variety of work being processed at Syracuse Heat Treating Corp. in 
new equipment. 
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vious practice with the liquid car- 
burizing method. However, using 
the new furnace, rejection because 
of distortion is completely elimin- 
ated. The parts are accurately 
“cased” to .006” to .008”, with a 
file hard surface, and test 90 Rock- 
well on the 15 N scale. 

Another example of warpage con- 
trol concerns a shaft that had been 
previously pack carburized, requir- 
ing 4 hours heating, 8 hours holding 
at temperature, and 4 hours cooling 
to develop .060” case. These shafts, 
1%” in diameter by 18” long, re- 
quired a_ straightening operation 
after carburizing and again after 
hardening, resulting in a large num- 
ber of unavoidable rejects. The new 
setup now processes 700-lb. loads 
in 7 hours, ready-to-ship. Case 
depth is accurately held at .060° to 
.062” levels, and the completely 
treated shafts are straight within a 
limit of .002” to .006” total runout, 
with no rejects. Straightening has 
been eliminated. The customer now 
profits from these “pass-along” 
benefits. 

Some normalizing heats are taken 
directly out of the furnace and 
transferred to the recirculating air 
draw furnace, where fast cooling is 
performed. This provides excep- 
tionally fast cooling without the ex- 
cessive buildup of scale frequently 
encountered in non-atmosphere heat- 
ing. 

The rated “high heat range” of 
the furnace is 1750° F. However, 
this furnace has been run at tem- 
peratures up to 1790° F for short 
runs. Most grades of tool steels 
used in dies, fixtures, and a variety 
of different tools have been hard- 
ened. Also, several grades of air 
hardening tool steels have success- 
fully been hardened in this furnace. 
Hardness has been uniform, and 
surface chemistry has been accur- 
ately maintained. 

Better life is obtained from load- 


(Continued on page 25) 
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Quenching... 
hardness... 
and 

how to 

save money 








Spotty hardness can be acostly problem. The 
solution is a quenching oil that permits maximum 
uniformity of hardness. Sinclair QUENCHOL 521 is 
unexcelled in this respect. It has a reputation, too, 
for increasing the depth and the degree of hardness. 
When you try it, you'll find QUENCHOL 52! 
surprisingly superior on all classes of steels. 

Refill now. Next time management asks how you've 
cut costs, tell them you've switched to Sinclair— 

and show them the results. 


Find out more about QUENCHOL. Call 
your nearest Sinclair Representative or 
write Sinclair Refining Company, 
Technical Service Division, 
600 Fifth Avenue, New York 20, N. Y. 
QUENCHOE Quenching Oils 


There’s no obligation. 
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at Cincinnati Stee/ Treating Co. 
the most versatile machine 


in the shop is a 


Cincinnati Inductron 





CINCINNATI 30KW INDUCTRON induction heating SPIRAL PINION of SAE 4645. 
machine in the plant of the Cincinnati Steel Treating Co. Gear section, 4” dia. x 4” long, 
The part being processed is an SAE 4145 spur cluster hardened in 45 seconds. 

gear. Hardening time for the 8” dia. gear is 21 seconds; 

the 4%" dia. gear is 18 seconds, 


A wide variety of parts, in job-lot quantities, 
are precision selective surface hardened at Cincinnati 
Steel Treating Co., on a 30KW capacity Cincinnati 
Inductron®. The several parts shown here are typical 
of the variety of work that is processed daily. 
The Inductron operates at frequencies up to Lechdar as banensied 4 escent. 
approx. 1200KC; provides rapid heating with mini- ‘ 
mum distortion and scale. With its variable output bos Ml og fs Ry tena 
RF transformer, output can be varied under load from 
30% to 100% of rating. Thus a single work coil can 
be “‘tuned”’ to the work by positioning a small, grad- “ 
uated dial, and within reasonable limits, can accom- 
modate parts of different sizes and configurations. ind uc fron 
This high versatility, plus long component life and flleg rrecefic 
ease of maintenance, were the advantages that made : ‘ 
the Cincinnati Inductron first choice of this most machines 


modern heat-treating plant. 

Cincinnati builds both Inductron (15, 30, META-DYNAMICS DIVISION 
50KW) induction heating machines, and Flamatic® Machines for Metal Forming and Heat Treating 
flame heating machines . . . in automated units for 
high production, or equipped for a variety of short- is sa i pigeon gees 36 
run work. For detailed information on machines cease: Bet. a 
exactly tailored to your heat processing requirements, faite I <4NATI 
write direct, or call in a Meta-Dynamics Division bess eon, 
field engineer. mass 
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Armour Anhydrous Ammonia has a guaranteed mini- 
mum purity of 99.98%. Ammonia so pure, you have 
no problems with moisture, oil or non-condensable 
gases. 

You are always assured of excellent heat treating 
results, because Armour quality standards are based 
on an extra control test made when the ammonia is 
ready for shipment to you. Every cylinder and tank 
truck of Armour Ammonia is subjected to a rigid 
qualitative test after filling to make sure it is at 
least 99.98% pure when delivered to you. This extra 
Armour test eliminates the danger of your receiving 
ammonia that has been contaminated during the 
filling process. 
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Armour Ammonia is also backed by the finest 
technical service available. Armour’s Technical Serv- 
ice Department will furnish blue-prints and engineer- 
ing recommendations . . . supervise your cylinder and 
storage tank installations and give additional aid 
whenever you need it, at no extra cost. 


Ammonia Sales ® 





Armour Industrial Chemical Company 


Division of Armour and Company 
110 North Wacker Drive ¢ Chicago 6, Illinois 
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“Excellent Results Have Proved the Value and 
Versatility of 
Park’s 
Non-Burning 
Carburizing 


Compounds” 
Says L, A. Lindberg 


President, Lindberg Steel Treating Co. 
Chicago — Rochester — St. Louis 
Los Angeles 


“We have had excellent results with 
this Non-Burning Carburizing 
Compound for many years. For ex- 
ample, the pinion gear shaft that 
Milt Vandenberg is looking over 
has a heat treat specification of 
.040-.050” case depth and Rockwell 
59-62 “C” Scale hardness. 

“We process production quantities 
of these shafts in a two row, auto- 
matically controlled, pusher-type 
furnace using Park’s Non-Burning 
(grade W) Carburizing Compound. 
The compound supports the parts 
during carburizing so that distor- 
tion is controlled and straightening 
operations are minimized. Tooth 
form and lead angle of the gear 
remain within the allowable toler- 
ance and case depth is very accu- 
rately controlled. 

“The value and versatility of this 
operation for such parts as well as 
for low-cost production items has 
been proved to us over the years. 
We have learned to depend on Park 
for uniformity and for service!” 
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Park NON-BURNING CARBURIZING COMPOUND is available 
in sizes No. 3, 6, and 8, and in two grades: “B” and “W”. The 
latter grade is designed to minimize the possibility of copper 
migration on copper plated work. All sizes and grades are 
manufactured by coking a special quality coal in the presence 
of the energizing chemicals. This process produces a homo- 
geneous compound and insures uniform carburizing activity 
even though usage reduces the material to pinhead size. 
Shrinkage rates are low and carburizing activity can be main- 


tained indefinitely with addition ratios of as low as 1 to 10. 


NON-BURNING is the quality carburizing compound that is 
economical to use. In addition to its uniformity and low replen- 
ishment requirement, it does not burn after removal from the 
furnace. NON-BURNING is especially suitable for carburizing 
alloy steel parts such as gears which are direct quenched or 
reheated. Send for the free, informative technical bulletin B-1, 
“Pack Carburizing of Steel in Solid Compounds”. 


Woodside Rapid Carburizers (Non-Burning—Charcoal-Coke-Specification) @ Park-Kase Liquid Carburizers 
@ Quenching and Tempering Oils @ Cyanide Mixtures @ Neutral Salt Baths @ High Speed Steel Hardening 
Salts @ Iso-Thermal Q hing and Tempering Salts @ Protective Coatings (No-Carb—No-Kase—No-Scale— 
No-Tride) @ Carbon Products (Charcoal-Crushed Coke-Pitch Coke-Lead Pot Carbon) @ Kold Grip Polishing 
WheelCement @ Par-Kem Metal Cleaners @ Cutting and Grinding Compounds (Kem-Cut—Kem-Grind—Blive ice) 
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PARK CHEMICAL COMPANY ° 


8074 Military Ave. 
Detroit 4, Mich. 
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NEWS TO HEAT TREATERS 
(Continued from page 20) 


ing trays and boxes by using smaller 
sections. The effective heating 
chamber of the Allcase furnace is 
36” long by 24” wide, which will 
accommodate two trays, each 18° 
by 24". This company usually uses 
two baskets, each 12” by 22” by 18” 
high per charge. The maximum size 
of baskets that can be utilized is 
16%” by 22%" by 18” deep. 
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GENERAL MILLS ACQUIRES 
MAGNAFLUX 


President C. H. Bell of General 
Mills, Inc., Minneapolis, Minn., has 
announced that the company has 
acquired the business and assets of 
Magnaflux Corporation of Chicago, 
Ill., pioneer in the development of 
techniques and equipment for de- 
tecting hidden flaws in industrial 
materials. Magnaflux will continue 
at its present location in Chicago 
and under the same name, as a 
wholly-owned subsidiary of General 
Mills. It will operate independently 
of any other division of the parent 


company, and key officers and per- 
sonnel in Chicago will retain their 
present positions. R. A. Wilson, 
General Mills Vice President and 
General Manager of its Mechanical 
Division, will be the new President 
of Magnaflux Corporation; W. C. 
Babcock of the Legal Department 
of the parent company, is Secretary. 

The move is a major step in the 
long-range plans for the diversifica- 
tion of General Mills, Bell reported. 
“It significantly strengthens our po- 
sition in the industrial ‘hard goods’ 
field. The well-established Magna- 
flux line of testing systems and the 
company’s ability to solve new qual- 
ity control problems put us in direct 
contact with virtually every type of 
industry in the country.” 

General Mills is the world’s larg- 
est flour milling company. Its 
Mechanical Division, established 
prior to World War II, specializes 
in manufacture, research and devel- 
opment in the fields of electronics 
and electro-mechanics. 

Formed in 1929, Magnaflux offers 
non-destructive testing systems based 
on advanced magnetic, ultrasonic, 


electronic and fluorescent applica- 
tions as well as stress analysis and 
field inspection services. Major users 
of the equipment are the aircraft, 
missile, automobile, steel, petrole- 
um, heat treating, and heavy equip- 
ment industries. 


FREON-SONIC ENERGY 
CLEANING SYSTEM 


Combining the advantages of 
Sonic Energy with the use of Freon 
as the solvent, a new system for 
highly critical cleaning applications 
was announced by Everett A. Sisson, 
Manager of Sonic Energy Products, 
Bendix Aviation Corporation, Pio- 
neer-Central Division, Davenport, 
Iowa. 

For applications in which residual 
molecular film characteristic of 
chlorinated solvents, or where con- 
tact with water cannot be tolerated, 
the new system offers particular 
quality and cost-saving benefits, ac- 
cording to Sisson. Its use is especi- 
ally recommended for cleaning 
parts made from or containing 
beryllium, for ultra precise elec- 


(Continued on page 30) 








for stainless steel bright brazing, heat treating, 
or sintering to 2200 F 


Muffle-less Mesh-belt Furnace trom General Electric 
maintains high purity atmosphere and high temperature needed to treat 
stainless steel parts in continuous production. Performance is excellent: 
dewpoints of below — 50 F have been maintained under production conditions. 
Rapid heating, high heating rates, maximum loading add up to increased 


Ask your General Electric Sales Engineer 
for complete data on the new G-E Hump 
Mesh-belt Furnace or write for bulletin 
GED-3990. General Electric Company, 
Schenectady 5, N. Y. 


721-28 
production. Your operating costs are less because of reduced heat loss and Mu, Prod 
cooling water, fewer rejects, hydrogen conservation. Key to reduced main- Progress bs Our importon 
tenance is there’s no muffle to replace. Other factors: long-life belt and c 
molybdenum heating units; easily cleaned cooling chambers. G : N : R A - E LE CTR ! 
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Selas combustion tools function as a complete system to heat furnace 
shells prior to corrugating, at Boiler Engineering Co., Phoenixville, Pa. 


Individually—or as a package—Selas combustion tools 
will improve your heat processing! 


Selas combustion components are available individ- 
ually, or as a complete combustion package, to meet 
your heat processing needs. The Selas combustion 
system illustrated above consists of: 


e Superheat Burners — using only commercial fuel 
gas and air - with no bottled oxygen - provide fast, 
localized heating effects. Superheat Burners can 
be utilized in open arrangements . . in-line . . in 
circular rings . . in spirals . . individually . . in 
opposed pairs. (Bulletin 61A) 


Combustion Controller—by delivering gas-air 
mixture to burners at preset ratio and pressure, 
makes possible fast heating and close control. Com- 
pletely automatic . . no labor required in its opera- 
tion. Factory Mutual approved. (Bulletin 61B) 


e Flo-Scopes® — installed at the inlets to the Com- 
bustion Controller, measure rates of flow of gas and 
air and permit accurate determination of gas-air 
mixture ratios. (Bulletin 61C) 


Fire Check — gives complete assurance of safety 
by automatically extinguishing any flashbacks that 
may occur. Factory Mutual approved. (Bull. 61D) 


Selas also offers other types of burners including 
Duradiant®, Refrak, Spear-Flame and Ribbon. 


For descriptive literature about any of the above 
combustion components or information about Selas 
complete combustion packages, address Mr. P. Berg, 
General Industry Div., Selas Corporation of America, 
61 Dreshertown Road, Dresher, Pa. 


Duradiant and Flo-Scope are registered trade names of Selas Corporation of America, 
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DEVELOPMENT 


CORPORATION OF AMERICA 
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SOLAR 
AIRCRAFT'S 
PROBLEM: 


To maintain close 
tolerances and 
uniform hardness 
. with an alloy 
requiring special 
liquid quench 


THE 
SOLUTION: 














HAVE YOU 
A HEAT TREATING 
PROBLEM? 


Take it to your Commercial 
Heat Treater for: 





DESIGN: Technical advice about the design of mel 
parts requiring heat treating. 


PROCESS: Facts as to the correct heat treati 
process required to achieve service requirements, 


EQUIPMENT: The variety of modern specializ 
equipment needed for efficient cost saving oper 
tions. 


SKILLS: The operational skills developed by years 


experience in all phases of ferrous and non-ferro 
metal treatments. 


All these add up to SERVIC 


—the type of service only the 
Commercial Heat Treater 
can provide. 














ALABAMA 


Southern Metal Treating Co., Inc. 
$131 10th Ave. N., Birmingham 4 


CALIFORNIA 


Certified Steel Treating Co. 

2454 E. 58th St., Los — 58 
Lindberg Steel Treating Co. 

2910 S. Sunol Drive, Los "Angeles 23 
Cook Induction Heating Co. 

4925 East Slauson Ave., Maywood 


CONNECTICUT 


Commercial Metal Treating, Inc. 

89 Island Brook Ave., Bridgeport 6 
Stanley P. Rockwell Co. 

296 Homestead Ave., Hartford 12 
Ireland Heat Treating Co. 

512 Boston Post Road, Orange 


ILLINOIS 


Accurate Steel Treating Co. 
2226 W. Hubbard St., Chicago 12 
Allied Metal Treating Corp. of Illinois 
333 N. California Ave., Chicago 12 
Dura-Hard Steel Treating Co. 

2112 W. Rice Street, Chicago 22 
Perfection Tool & Metal Heat Treating Co. 

1756 West Hubbard St., Chicago 22 
Fred A. Snow Co. 

1942 West Kinzie St.. Chicago 22 
American Steel Treating Co. 

P. O. Box 396, Crystal Lake 
Lindberg Steel Treating Co. 

1975 N. Ruby St., Melrose Park 
Eklund Metal Treating, Inc. 

721 Beacon St., Rockford 
Scott & Son, Inc. 

1510 First Ave., Rock Island 
Ipsenlab of Rockford, Inc. 

2125 Kishwaukee Street, Rockford 
0. T. Muehlemeyer Heat Treating Co. 

1500 Preston St., Rockford 


INDIANA 


Quality Steel Treating Company 
1630 Locust Street, Anderson 


MASSACHUSETTS 


Kinetics Corporation 
2 Churchill Road, Hingham 
Porter Forge & Furnace, Inc. 
74 Foley St., Somerville 43 
New England Metallurgical Corp. 
475 Dorchester Ave., South Boston 27 
Springfield Heat Treating Corp. 
99 Margaret Street, Springfield 
Greenman Steel Treating Co. 
284 Grove St., Worcester 5 






































































MICHIGAN OHIO 

Anderson Steel Treating Co. Queen City Steel Co. 

1033 Mt. Elliot Avenue, Detroit 7 2980 Spring Grove Ave., Cincinnaii 11 

poetg Range Races: Biggs veiasl TE. Othe Bt, Cleveland 3 

18174 West Chi Blvd., Detroit 28 

—_ Lakeside Steel Improvement Co. 

Commercial Steel Treating Corp. 

6100 Tireman Ave., Detroit 4 5418 Lakeside Ave., Cleveland 14 

George H. Porter Steel Treating Co. 
Commonwealth Industries, Inc. 
1273 East 55th Street, Cleveland 3 

5922 Commonwealth Ave., Detroit 8 Reliabl 

Vincent Steel Process Metallurgical Service, Inc. 
3827 Lakeside Ave., —e 14 

2424 Bellevue Ave., Detroit 7 Winton Heat 
State Heat Treat, Enc. 20008 Lake Road, Cleveland 16 

520 32nd Street, S. E.. Grand Rapids 8 Dayton Forging & Heat eat Treating Co. 
Royal Oak Heat Treat, Inc. a08 Hest Piet Gt, Dayton 3 

21419 Dequindre, Hazel Park Ohio Hea Co. 
American Metal Processing Co. 1100 Rest Third St. Dayton 2 


12000 East Nine Mile Road, Warren PENNSYLVANIA 


Drever Company 
Red Lion Rd. & Philmont Ave., 


Ree 
vobert Wooler 
missOur! Dresher 
Wiedemann Machine Co. 
Lindberg Steel Treating Co. Gulph Road, King of Prussia 
650 East Taylor Ave., St. Louis 15 J. W. Rex Co. 
Paulo Products Co. Eighth and Franconia Avenue, Lansdale 
5711 West Park Ave., St. Louis 10 Lorenz & Son 


1351 N. Front St., Philadelphia 22 
Metlab Company 
1000 E. Mermaid Lane, Philadelphia 18 


Pittsburgh Commercial Heat Treating Co. 
NEW JERSEY 49th St., and A.V.RR., Pittsburgh 1 
Pittsburgh Metal Co., Inc. 
American Metal Treatment Co. 1850 Chapman Street, Pittsburgh 15 
Spring and Lafayette Sts., Elizabeth TEXAS 
Benedict-Miller, Inc. Dominy Heat Trea Corp 
Marin Ave. & Orient Way, Lyndhurst P. O. Box 5054 ae 
Bennett Heat Treating Co., Inc. Superior Heat home Co., Inc, 
246 Raymond Boulevard, Newark 5 P. O. Box 69, Fort Worth 1 
L-R Metal Treating Corp. United Heat Treating 
107 Vesey St., Newark 5 2005 Montgomery _ Fort Worth 7 
Temperature Processing Co., Inc. Cook Heat Treating Co., of Texas 
228 River Road, North Arlington Rae +E boulevard, Houston 11 


2100 Quitman Street, Houston 26 
Lone Star Heat Treating 
5212 Clinton Dr., Houston 20 


WISCONSIN 
Allied Metal Treating Corp. 


NEW YORK 


Owego Heat Treat, Inc. P.O. Box 612, Milwaukee 1 
Rural Route 1, Apalachin Metal Treating, Inc. 

Fred Heinzelman & Sons, Inc. 720 South 16th St., Milwaukee 4 
138 Spring St., New York 12 Supreme Metal Co. 

Alfred Heller Heat Treating Co., Inc. 4440 West Mitchell St., Milwaukee 14 
391 Pearl St., New York 38 Thurner Heat Treating Co. 

Lindberg Steel Treating Co. 809 West National Ave., Milwaukee 4 
620 Buffalo Road, Rochester 11 Wisconsin Steel Treating & Blasting Co. 

Rochester Steel Treating Works 1114 South 41st Street, Milwaukee 15 
962 Main Street, F. Rochester 5 Harris Metals Treating Co. 

General Heat Treating Corporation 4100 Douglas Ave., Racine 
206 Sand Street, Syracuse 3 CANABA 

Syracuse Heat Treating Corp. Ipsenlab of Canada 


Limited 
1223 Burnet Ave., Syracuse 3 27 Bermondsey Road, Toronto 16, Ont. 
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For almost every NEWS TO HEAT TREATERS 


(Continued from page 25) 


hardness testing requirement tronic components, or for other 


parts or assemblies, which are in- 


Ther e’s a Wilson "Rockwell vas | compatible with hydrous solutions, 


| but require absolute elimination of 


instrument to do the job contamina 


Wilson ‘‘Rockwell” Hardness Test- Wilson '‘Brale” 
ers can help make your products Diamond Penetrators 
better, stronger, longer lasting. give Perfect Readings 


They give reliable results on the 
production line, in laboratories, in A perfect diamond pen- 
tool rooms, and in inspection de- etrator is essential to 
partments. They’re as easy to use accurate testing. Only 
as a center punch, as durable as a flawless diamonds are 
machine tool, as sensitive and ac- used with Wilson 
curate asa precision balance, That’s “Brale” penetrators. 
why Wilson “Rockwell” is recog- Each diamond is cut to : 
nized as the world’s standard of an exact shape. Micro- aan 

hardness testing accuracy. scopic inspection and a The system can be secured with 


Matte for Catalog RT-58 es aspigieed hope of each dia- up to four or more cleaning stages: 
néle for Catalog -58. mond-—-one by one—assure you i eine : 

It gives complete detailson | of accurate hardness testing a Freon distillate flush, SOMIC COeEgy 
the full line of Wilson hard- | every time. clean, sonic energy rinse and freon 


ness testing equipment. vapor rinse. Parts to be cleaned are 
| first flushed with a portable lance 
which is fed through a filter from 
the distillate reservoir. The parts are 
then processed in sequence through 
sonic energy cleaning and rinsing 
and are placed in suspension over 
the distilling chamber for the vapor 
rinse cycle. Drying occurs almost 
instantaneously as the basket is 
raised above the vapor level. 











“ROCKWELL” 

HARDNESS TESTER 

for most hardness 

TWINTESTER testing functions 
combines functions 
of “Rockwell” and 

“Rockwell'’ 

Superficial Testers 
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MICRO HARDNESS TESTER 

| A new Micro Hardness Tester, 

| with a vertical capacity of 8”, has 

| been announced by the Torsion 
Balance Company, Clifton, New 

Jersey. 






SUPERFICIAL TESTER 
for extremely shallow 
indentations 





| 
nas i | 
tg Pe o i 


AUTOMATIC semi and fully automatic a | 
models automatically classifying tested 
pieces at rates to 1,000 pieces per 


WILSON ‘ROCKWELL’ 
HARDNESS TESTERS “<° 


Wilson Mechanical Instrument Division The tester applies dead weight 


American Chain & Cable Company, Inc. » loads from 1 to vats grams. (Addi- 
230-R Park Avenue, New York 17, New York _ (Continued on page 33) 
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continuous operation at temperatures to 2000°F 


@ Each zone with individual 100% forced convection @ Both forced convection atmosphere cooling and 
heating! hot-oil quench. 

® Silicon carbide skid-type hearth fully supports light- @ Ipsen pusher units are shipped completely piped, 
weight trays. wired, and tested. 


® Super-alloyed ceramic tubes guaranteed one year. Cross-section diagrams and complete details cover- 
Ipsen ‘'Flame-Busters” complete combustion within ing all sizes of Ipsen pusher units are shown in 
the heating portion of the tube. Bulletin P-59. Send for your copy, today. 


IPSEN INDUSTRIES, INC. - 733 SOUTH MAIN STREET» ROCKFORD, ILLINOIS 
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bright anneals 
4 miles of wire 


... Appleton 
Wire Works 
Corp. did 


every minute 
at 1500° F. with 





Two Hevi-Duty strand annealing furnaces, each with 40 alloy tubes and three zones 
of temperature control, produce up to 22,000 ft. of quality brass and bronze wire per 
minute at temperatures to 1500° F. at the Appleton Wire Works Corp., Appleton, 
Wis. Each electric annealing furnace is used 24 hours per day and five days a week. 


2 HEVI-DUTY ELECTRIC FURNACES 





32 


At the Appleton Wire Works Corp., Appleton, 
Wisconsin, two Hevi-Duty electric strand an- 
nealing furnaces bright anneal up to 22,000 ft. 
of brass and bronze wire per minute at tem- 
peratures to 1500° F. The wire is used in the 
weaving of wire cloth for the paper and pulp 
industry. 


Designed for maximum operating tempera- 
tures of 2000° F., each Hevi-Duty furnace has 
40 alloy tubes through which the wires pass, 
and three zones of temperature control. Wire 
is annealed under a dissociated ammonia at- 
mosphere. 





A DIVISION OF ic}]— BASIC PRODUCTS CORPORATION 


HEVI-DUTY ELECTRIC COMPANY, 


These Hevi-Duty furnaces are in operation 
120 hours per week, and this company reports 
significantly low operating costs. Temperature 
uniformity of +5° F. along the heated length 
of all tubes has extended tube life by eliminat- 
ing hot and cold spots. 


Like Appleton Wire Works Corp., you too, 
can boost production, realize lower operating 
costs, and obtain temperature uniformity 
and rapid, easy temperature control with 
Hevi-Duty furnaces. 

On any heat processing problem, contact 
Hevi-Duty. Call or write today. 


ASK HEVI-DUTY 
for more information on 
Pm or fuel fired heat 


ng furnaces. Write for 
Bulletins 653A for full details. 





MILWAUKEE 1, WISCONSIN 


Industrial Furnaces and Ovens, Electric and Fuel * Laboratory Furnaces * Dry Type Transformers * Constant Current Regulators 
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NEWS TO HEAT TREATERS 

(Continued from page 30) 

tional weights for applying heavier 
loads up to 10,000 grams can be 
furnished as optional equipment). 
This equipment is basically a pro- 
duction control instrument but has 
the same accuracy as another model 
which is a standard research instru- 
ment used in metallurgical labora- 
tories. 

This new 8° Micro Hardness 
Tester is specially designed to test 
unmounted parts so they can be re- 
turned to production or the stock 
bin. It can also be used to test 
mounted specimens, small parts, 
sheet metal, wire, etc. 
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SYMPOSIUM ON REFRACTORY 
METALS AND ALLOYS 


A two-day symposium on “Re- 
fractory Materials and Alloys” will 
be held May 25-26, 1960, at the 
McGregor Center, Wayne State 
University, Detroit, under the spon- 
sorship of The Metallurgical Society 
of the American Institute of Mining, 
Metallurgical, and Petroleum En- 
gineers. 

Papers have been scheduled for 
Wednesday, May 25, on “Phase 
Equilibria and Relationships in Re- 
fractory Alloys,” “Mechanical Be- 
havior of Refractory Metals and 
Alloys,” “Strengthening Mechan- 
isms in Refractory Metals Systems,” 
“Oxidation Behavior of Refractory 
Metals and Alloys,” “Chromium 
and Its Alloys,” “Columbium and 
Its Alloys,” “Molybdenum and Its 
Alloys.” 

Papers to be presented on Thurs- 
day, May 26, will include “Tanta- 
lum and Its Alloys,” “Tungsten and 
Its Alloys,” “Rhenium and the Plat- 
inum Group Refractory Metals,” 
“High-Temperature Strength Prop- 
erties of Refractory Metals (greater 
than 2000 deg. F),” “Fabrication 
and Processing of Refractory Met- 
als,” “Protective Coatings for High- 
Temperature Environments.” 

The final technical event will be 
a panel discussion on “Comparative 
Status of Refractory Metals for En- 
gineering Applications.” 

(Continued on page 35) 
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you know the ftemperature! 





THERMOMELT | 
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the to determine 
exact working temperatures! 


Just mark or stroke the surface with THERMOMELT... 
when it reaches the desired temperature, the mark liquefies. 
There’s no guesswork, no wasted time or material... 
THERMOMELLT is the quick, precise way to determine 
heating temperatures. Accurate to within +1%. 


A STIK FOR EVERY TEMPERATURE from 113°F. to 2000°F. 


ALSO AVAILABLE IN LIQUIDS AND PELLETS for inaccessible 
or hard-to-measure applications. Wide range of temperatures. 


Send today for free THERMOMELT literature and pellet 
sample (indicate temperature desired). 


MADE BY THE MANUFACTURERS OF MARKAL PAINTSTIK MARKERS 
AND PROTECTIVE COATINGS 


MARKAL COMPANY: wou: carot sven, crease, ma 
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Incoloy fixtures show no sign of failure 
after 12 years of carburizing 


Incoloy* nickel-chromium alloy has what it takes 
to keep heat-treating equipment on the job ’round 
the clock, month after month, in carburizing service 

. has oxidation as well as carburization resis- 
tance ... resists scaling ... has the endurance to 
withstand the thermal shocks of quenching... has 
useful strength up to 1850°F. 


Take a metal with properties like these. Add the 
factors of good design and good fabrication. The 
results will surprise you. 

For example, the Incoloy fixtures shown above 
emerging from quench have already served 1% 
years in a well-known automobile plant. Each 
carries 58 turbine shafts through 2 hours of car- 
burizing at 1600°F, oil quenching to 160°F, and 
2 hours of drawing at 950°F 


INCOLOY 
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Well designed! Well fabricated! 

Rolock Incorporated (Fairfield, Connecticut) en- 
gineered and fabricated the fixtures of wrought 
Incoloy rod and sheet. As you can see, no thin and 
thick sections are joined together (a frequently 
missed cause of trouble in fixtures). What you 
can’t see are the ingenious ways the design permits 
the metal to adjust to temperature change... and 
how pressure welding (easily done with Incoloy 

alloy) has eliminated masses of weld metal. 
No wonder these fixtures give outstanding ser- 
vice. But Incoloy alloy can do as much . . . or more 
..in your plant. Would you like to know more 
about Incoloy Alloy? Just write to us. And for in- 
formation on these fixtures, write to Rolock, Inc. 


*Inco trademark 

HUNTINGTON ALLOY PRODUCTS DIVISION 
The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 











NEWS TO HEAT TREATERS 
(Continued from page 33) 

A luncheon will be held on May 
26, and will include a survey of 
European developments on refrac- 
tory metals. 

This national technical confer- 
ence is one of a series being pre- 
sented by The Metallurgical Society 
on subjects of significance 

INDUCTION HEATING 
EQUIPMENT 

Lepel High Frequency Labora- 
tories of Woodside, N. Y. have de- 
veloped a capacity device for the 
most efficient energy transfer, to be 


= 
i= 


4 
@ 





connected between a high-frequency 
generator and a low impedance 
work coil. Details of this unit are 
shown in the photo. 

The Lepel CT Matching Unit is 
modular designed with a heavy cop- 
per terminal of low impedance and 
high current-carrying capacity for 
attaching to either the induction 
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heating coil directly or to coaxial 
leads. Each section of this unit is 
rated at 100 KVA in the frequency 
range of 100-750 Kc per second. 
CT Matching Units are available in 
1, 2, 4, 6, and 8 sections, rated at 
100, 200, 400, 600, and 800 KVA 
respectively. Combinations of par- 
allel and series connections between 
the individual sections provide sev- 
eral ranges of impedance, permitting 
efficient matching to even the small- 
est induction heating coils. 

The photograph illustrates the 
use of the CT Unit with coaxial 
leads for transmission into a bell 











jar. This arrangement permits op- 
eration at the lowest voltage con- 
sistent with the power demand and 
frequency of operation. Use of this 
unit with coaxial leads also allows 
placement of the induction heating 
coil and work at remote distances 
from the generator. 
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GUARANTEED 
ACCURATE 


The Most for Your 
“Rockwell Testing” Dollar! 


Clark Hardness Testers are guaran- 
teed accurate for all “Rockwell 
Testing”. Clark's exacting workman- 
ship in the production of penetrators, 
testing blocks, anvils, and other 
accessories pays off in exceptional 
accuracy on the job. No wonder the 
low cost surprises our first-time 
customers. Clark Instrument, Inc., 
10205 Ford Road, Dearborn, Mich. 


FREE REFERENCE BOOK 
All information about hardness test- 

ing in easy-to-read text with many . 
Wvstrations. Just write “Send 






also available on request. 





Missile-Age A 
SS CRE 
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NEW BDSA ADVISER 


Henry G. Magnussen, for many 
years an official of the Lindberg 
Engineering Co., and the Lindberg 
Steel Treating Co., of Chicago, to- 
day was named Adviser to the Di- 
rector, Metalworking Equipment 
Division, Business and Defense 
Services Administration, U.S. De- 
partment of Commerce. 

Mr. Magnussen, who brings to 
the Division an extensive back- 
ground of training in the industrial 
heating equipment and related met- 
alworking industries, comes to 
BDSA under an arrangement by 


which industry makes available the 
services of executive personnel for 
temporary duty without compensa- 
tion from the Government. 

The assignment also will qualify 
him for membership in the National 
Defense Executive Reserve, which 
would staff the operation of a pro- 
duction agency in event of na- 
tional emergency. 

Mr. Magnussen was born in 
Oslo, Norway, in 1901, and came to 
the United States as a child. He 
was graduated from the University 
of Illinois in 1925, and later stud- 
ied metallurgy at the Illinois Insti- 
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ALLOYS company 


BOSTON MASSACHUSETTS 








tute of Technology. 

His entire business career has 
been in the metalworking industries, 
and he has just resigned as Vice 
President and Director of the 
Lindberg Steel Treating Co., after 
26 years service. He is a member 
of the Board of Lindberg Engin- 
eering. 

Mr. and Mrs. Magnussen have a 
married daughter and a son in the 
Marine Corps. The family home 
is in Chicago. . 

HEAT TREATING COATING 

A new coating which prevents 
scale formation on metal during 
heat treatment was announced this 
week by H. A. Storms, Chief En- 
gineer of the Los Angeles Division 
of North American Aviation, Inc. 
The new product will permit faster 
and cheaper heat treatment of 
metals. 

According to Storms, applica- 
tions include stainless steel, nickel- 
chrome alloys, cobalt alloys, copper 
alloys, and the new exotic alloys 
now under development. 

Applied by spraying or dipping 
the new scale preventative, which 
has been tradenamed “Skalix,” ad- 
heres to the metal at furnace tem- 
peratures forming an oxygen-tight 
seal. As the metal cools, the coat- 
ing pops off by itself. In many 
cases no further processing is nec- 
essary. 

Storms noted that previously, the 
best procedure for heat treating 
metal without scale formation was 
by use of inert gas atmospheres in 
special furnaces. Naturally this is 
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an expensive method necessitating 
a large outlay of capital and caus- 
ing a large increase in the price of 
parts. 

The new coating, on which a pat- 
ent is pending, is relatively inex- 
pensive and a gallon will cover ap- 
proximately 1500 square feet of 
metal surface. The invention re- 
sulted from North American’s com- 


perfect 


MELT AND CAST PIECES UP TO 50 POUNDS IN THIS— 








Above-—Cross section of 
vacuum molded billet. 
Below—The same metal 
but cast in atmosphere. 








pany-sponsored research program 





that has already produced a num- 
ber of major developments in metal 
forming and use. These include the 
Chem-Mill process, Tens-50 alumi- 
num alloy and Hot Sizing. 

The new compound will be mar- 
keted by Navan Products, Inc., 
North American’s invention-mar- 
keting subsidiary. 
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HEAT TREATING MACHINE 
KNIVES 

Complete surface exposure dur- 
ing heat treating operations for up 
to 500 machine knives is obtained 
with a new basket developed by 
Wiretex Manufacturing Company, 
Bridgeport, Connecticut. 

The basket, designed for use with 
an automatically controlled electric 
furnace, was recently installed by 
John W. Bolton & Sons, Inc., Law- 
rence, Mass., manufacturers of 
barker, sheeter, granulator, chipper 
and allied knives. Made of Type 


#304 stainless steel, the basket is | 


said to be strong enough to hold 
loads of 5,000 pounds. Knives are 
arranged in two tiers with stopper 
screens to handle a complete range 








When you can’t afford to let gases reduce the quality of your 
castings and run reject rates out of sight, the practical money- 
making aspects of KINNEY High Vacuum Furnaces assert them- 
selves. The 50 pound model shown has found excellent applica- 
tion with high nickel steel, carbide tool steel, uranium and 
other metals. But, the value of this KINNEY Furnace is not con- 
fined to the more exotic metals . . . low alloy steels are dramati- 
cally improved by vacuum processing. 


ADD TO MELT WITHOUT BREAKING VACUUM 


You can introduce alloying material or add to the melt while 
maintaining a high vacuum in this versatile furnace. You can 
also operate the furnace using moderate positive pressure and 
an inert gas atmosphere, 


ENGINEERED FOR PERFORMANCE 


The furnace chamber features a full-opening hinged door or a 
rollaway type door with vertical or oblique split. Valving and 
special mechanisms for manual or automatic operation can be 
supplied and numerous accessories are available such as: vari- 
ous sizes of induction heating units, indexing of mold tabie, dip 
thermocouple and probe rod. 


KINNEY wesc. oivision 





+ BOSTON 30 + MASS. 


’ 

! 

! 

{ 3594A WASHINGTON STREET 
Please send Vacuum Furnace Bulletin No. 4510 [) 





Also send literature on KINNEY High Vacuum Pumps () 


THE NEW YORK AIR BRAKE cours" (f) 























of knife sizes in the single fixture; - 
full surface of every knife is exposed — 
to even and uniform heating dur- Conpeny. 
ing stress relieving, annealing and 
tempering. Add 

Knives are placed in the basket 

(Continued on page 39) City, Zone State ____.. 
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| LETTERS |, 


TO THE 


' Eoka§ EDITOR , 


Dear Mr. Knerr; 


The paper on Heat Transfer and 
The Control of Furnace Tempera- 
ture enclosed with this letter is sub- 
mitted to you as chairman of the 
Publication Committee for the mag- 


azine Metal Treating. I shall ap- 
preciate your consideration of it for 
publication. Any suggestions that 
you or your committee may make 
regarding the paper will be wel- 
come. 

The magazine “Metal Treating” 
has become a useful supplement to 
the text book material used in our 
courses in physical metallurgy and 
metallography. You are to be com- 
plimented on the quality of the ar- 
ticles selected. 

James R. Cady 
Associate Professor 
Mechanical Engineering 


University of Southern California 
Los Angeles 





Heat Treating 
Equipment 






To obtain maximum life 


Tale aelelamatiaale las 


retorts 





of RETORT After 52 Years 
Continuous Service 


Retort was fabricated of 
RA 330 Alloy for use in a pit 
type carburizing furnace. 


| 
| 
Unretouched Photograph | 
| 
| 


All Standard size Retorts 
can be delivered promptly. 


2k Con-Vel Division—Dana 


Corp., Detroit, Mich. | 


ALLOY STEEL FABRICATION DIV. 


ALUMINUM AND ARCHITECTURAL METALS COMPANY 


1974 Franklin Street e 


Detroit 7, Michigan e 


LOrain 7-6880 
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Gentlemen: 


We would appreciate receiving 
copies of “Metal Treating” for use 
by our students and faculty in our 
library. This appears to be an ex- 
cellent magazine relative to heat 
treating, and I am sure would be a 
useful reference in those subjects 
in which heat treating is studied and 
discussed. 

Harold W. Perkins 

Director 


The Pennsylvania State 
University Park, Pa. 


University 


Gentlemen: 


I’m a foreign student under I.C.A. 
programs, studying metallurgy and 
giving more emphasis on heat treat- 
ment of metals. By the end of next 
month I'll leave U.S.A., going back 
to my country where I'll continue 
teaching in a vocational school 
where I used to teach before I came 
here. 

Leaving U.S.A., among the other 
things that Ill miss will be your 
publication “Metal Treating”; it 
has been a source of useful informa- 
tion and knowledge. 

Would it be possible to subscribe 
to your magazine in order to have 
my own file at home? 

Let me know please if it is pos- 
sible and how much I have to send 
you in order to be an overseas sub- 
scriber. I'll appreciate it very much. 

Tony Hatsi 
Sivitanidios School 


Kalithea, Athens 
Greece 


Gentlemen: 


Thank you for sending me your 
very informative magazine “Metal 
Treating”. 

I would appreciate it if you would 
enter my name on your regular 
mailing list so that all future copies 
of your outstanding magazine 
“Metal Treating” may be obtained. 


I trust you will favour this re- 
quest. 
J. Owen 
Tool Engineering Department 
International Business Machines 


Company Limited, 
Toronto, Canada 
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NEWS TO HEAT TREATERS 
(Continued from page 37) 
and the basket placed on the hearth 
of a. bell furnace. Furnace bell is 
then lowered over the basket and 
the knives are treated. Basket 





measures 54” dia. x 48” deep and 
has 2” x %” flat bar framework. 
The fixture is designed to make 
maximum use of interior furnace 
space. 
For further information circle No. 27 
PORTABLE SAND BLASTER 
Now available is the new Model 
B, “Sandy Jet” sand blasters, manu- 
factured by ALC Company, Me- 
dina, Ohio. It is equipped with a 
newly-designed pistol-grip type blast 
gun, making it the most powerful 
and easy to use unit of its size. 
The gun uses all types of abras- 
ives with three sizes of job-suited 
nozzles; it needs no separate or spe- 
cial room. The abrasive can be 





contained in a small area with a 
simple cardboard box or cloth. 
The manufacturers will give a 
ten-day, money-back trial offer. In- 
cluded with each unit is an operat- 
ors hood, face shield, and two extra 
nozzles. Features include low cost, 
portability, and finger-tip control. 
A bulletin is available. 
For further information circle No. 28 
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instrumentation for most 


precise temperature control 


NOW UNIVERSAL: 


controls the most unstable temperature systems 


Model JSB Stepless Controllers 





For any operation requiring precise 
control of any temperature, through 
electric heaters, money can’t buy a finer 
instrument. Infinitely modulates heater 
power. No on-off pulses; prolongs heater- 
life and saves power. Now provided with 
exclusive manual switch and adjustable 
maximum and minimum input control. 
Tubeless. Compact. Requires least 
maintenance and operating attention. 


The most compact programming system 
available includes Model JSBG (left) for any 
operation involving a time-temperature 
cycle. Its simply cut cams integrate and 
control time with temperature. 


Check the features that permit longer runs, 
assure uniform top quality, cut operating 
costs. Ask your West representative or 


write direct for Bulletin JSB and JG. 


ts eee 


CORPORATION 


SALES OFFICES IN PRINCIPAL CITIES 
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NEW RESEARCH CENTER 


Automation, which is still in the 
diaper stage, will reach maturity 
when machines can talk to ma- 
chines, according to a top govern- 
ment scientist who said recently 
that some fairly simple instruments 
already at hand are speeding the 
day when even marketing decisions 
may be part of an automated pro- 
duction-distribution process. 

The scientist, Dr. Allen V. Astin, 
director of the National Bureau of 
Standards, spoke at ceremonies at 
North Wales, Pa., dedicating a new, 
two-million-dollar research center 
of Leeds & Northrup Company, a 


FURNACE TUBES | 


& RETORTS 


Save You Money 








pioneer and leading manufacturer 
of high precision electronic instru- 
ments and control apparatus that 
have been called the “eyes, ears and 
brains” of automation. 

The activities of a number of 
Leeds & Northrup research and de- 
velopment teams, until now scat- 
tered among company plants in the 
Philadelphia area, will be concen- 
trated in the new laboratory, which 


| 





Since we are able to 
work to lighter sec- 
tions, PSC all-sheet 
alloy equipment costs 
you less than cast 
alloy units. PSC units 
also save in freight 
and handling time. 


And PSC furnace tubes, for example, often double the service life of 


cast tubes. As one of the leading suppliers of fab- 
ricated heat-treat units, PSC also furnishes 
Ry boxes, baskets, pots, trays; any size, style. 


Save with PSC All-Sheet Equipment 


re 
~ 





THE PRESSED STEEL CoO. 
Wilkes-Barre, Pa. 
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is 22 miles from downtown Phila- 
delphia. Covering 65,000 square 
feet, the building was designed so 
that it can be tripled in size. A 
staff of 129 scientists and support- 
ing personnel are already at work 
under the direction of Dr. Raymond 
C. Machler, head of the L&N re- 
search and development depart- 
ment. 


ANHYDROUS AMMONIA 


Allied Chemical Corporation has 
changed the brand name of its 
anhydrous ammonia from Barrett 
Brand to Allied Chemical Anhyd- 
rous Ammonia. 

In announcing the change, a com- 
pany official explained the designa- 
tion “Barrett” originated with Allied 
Chemical’s Barrett Division which 
first produced and sold the product. 
However, today Allied Chemical’s 
Nitrogen Division produces and 
sells anhydrous ammonia. The Al- 
lied Chemical logotype recently re- 
ceived official recognition as a trade- 
mark of the company. 

Anhydrous Ammonia was first 
produced commercially in 1890 in 
the U.S. by Allied Chemical. It 
was obtained as a by-product of 
the distillation of coal from the 
country’s first by-product coke 
ovens at Syracuse, New York. 
Working in laboratories at Laurel 
Hill, L.I., N.Y., a research organi- 
zation which later became Nitro- 
gen Division made great advances 
in ammonia synthesis. This resulted 
in 1918 in the production of the 
first synthetic ammonia in the U.S. 

Allied Chemical Anhydrous Am- 
monia is stocked in 150, 100 and 
50 lb. cylinders warehoused at 
many points located throughout the 
country. It is also available in tank 
truck, tank wagon, tank car and 
barge quantities from the division 
plants in Hopewell, Va., South 
Point, Ohio, and Omaha, Nebraska. 

The principal uses for Allied 
Chemical Anhydrous Ammonia are: 
metallurgy, as an economical source 
of hydrogen and nitrogen; refriger- 
ation, as an efficient refrigerant in 
both absorption and compression 
systems; petroleum refining, as a 

(Continued on page 42) 
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THE TRUE TEST of your machine tools is their per- 
formance on the job — how they benefit your pro- 
duction. This is where Sentry Furnaces with the 
Diamond Block method of atmosphere control dem- 
onstrate their value. Your high speed steel tools 
hardened in the truly neutral Sentry Diamond Block 
atmosphere achieve maximum hardness without scale 
or decarburization, maintain their sharp cutting edges 
longer, step up production. 


Write for literature and send sample of your 
tools for free demonstration hardening. 






505-9 


ELECTRIC 
FURNACES 


Request Catalog A-15. Write THE SENTRY CO., FOXBORO, MASS. 
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BIG SAVINGS! 


BUY AT FRACTION OF ORIGINAL COST! 


LINDBERG “HYCO” HYDRYZING 
ATMOSPHERE GENERATORS 


500 CFH 


Weight: 1720 Ibs. 





BRAND NEW! 


(Still in Original 
Factory Packing 
Case) 


omy $795 


Two or More 
$695. each 


F.OB 
KANSAS CITY, MO. 











each unit 
complete with: 


Motor, Blower, Filter, Flow Meters, Magnetic 
Starter, Push Button and 2 sets of instructions 
for Installing, Operation and Maintaining. 


WRITE, PHONE OR WIRE: 


Power Unit Sales Company 


2102 W. Chestnut Ave. 


SANTA ANA, CALIFORNIA Phone: KI 2-9746 
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HEATBATH 
SALT BATHS 





for all Heat Treating Jobs 


CARBURIZING » QUENCHING + ANNEALING - 
NEUTRAL HARDENING + NITRIDING + BRAZING 
+ TEMPERING + DESCALING + MARTEMPERING 
* HIGH-SPEED HARDENING 


HEATBATH CORPORATION 


SPRINGFIELD 1, MASSACHUSETTS 
or 701 North Sangamon St., Chicago 22, til. 


38 Years of Service to the Heat Treating 
and Metal Finishing Industry 
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NEWS TO HEAT TREATERS 
(Continued from page 40) 
neutralizing and anti-corrosion ag- 
ent; and in many other chemical 
and metalworking applications. 
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HEATBATH REPRESENTATIVE 

Donald R. Barber, General Man- 
ager of MHeatbath Corporation, 
Springfield, Mass., has announced 
the appointment of Thomas Nugent 
as Technical Sales Representative 
for Upper New York State, with 
headquarters in Jordan, N. Y. Mr. 
Nugent has extensive experience in 
heat treating and metal finishing. 


Bernard Lindstrom, former Rep- 





There’s a standard 


resentative in this area, has been 
transferred to the Eastern New Eng- 
land area to represent Heatbath 
there. 


AUTOMATIC BRAZING 

Jet engine components can be 
extremely difficult to produce. One 
such component is the air intake 
grille, and several are used in all 
jet engines. Ordinary torch or oven 
methods of brazing the grilles are 
not satisfactory because they fre- 
quently warp the part itself. 

To solve this problem, Induction 
Heating Corporation of Brooklyn, 
New York, designed and built 
equipment for a French manufac- 





WASHER 





turer of aeronautical parts. The 
equipment was installed by one of 
IHC’s foreign representatives, Es- 
tablissements Horstmann, under the 
supervision of their field engineer, 
Mr. Georges Manset, who is also 
responsible for servicing the installa- 
tion. The equipment will be of par- 
ticular interest to American aircraft 
manufacturers, but the basic units 
can easily be adapted by many 
other industries as well. The work 
station itself has been designed for 
use in either brazing or heat treat- 
ing operations. 






The equipment consists of a 
Ther-Monic Model 1400, 25KW 
Induction Generator, and a Type 
II-A work station. A foot-switch 
for manual heat or remote auto- 
matic cycle start operation can be 
plugged in. The power is furnished 
to the installation from a 440 volt, 
three phase, 50 cycle supply. 


The equipment provides clean, 
fast, efficient induction heating and 
has solved an otherwise difficult 
brazing job. 
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SALT BATH SPECIALIST 
Lindberg Engineering Company, 
| manufacturers of industrial heat 
| treating and process line equipment, 
| has announced the appointment of 
| 


TO MATCH YOUR CARBONITRIDER OR CARBURIZER ! 


Whatever the size of your carbonitrider or carburizer, the new Waukee 
Washer has a standard size to match it. Size range: 24x 36x 18 — 
24x 48 x 24 — 30x 48 x 24 — 36x 48 x 24, 


COMPLETE—— NO “EXTRAS'’— Waukee parts washers come to you 
complete, ready to locate, connect to utilities, and begin operation. 
No “extras” to buy and install. Pumps, burners, controls are designed 
as integral parts of the Waukee Washer. You use your present fur- 
nace work-baskets, too. 


FLEXIBILITY — You gain in flexibility with Waukee Washers. Standard 
units are available in “in-and-out” feed or straight-through, conveyor 
type, and in one, two, or three stages with rinse and dry. High-effi- 
ciency with gas, electricity, or steam. 


THOROUGH CLEANING — The smallest Waukee Washer sprays a mini- 
mum of one ton of hot detergent solution through the load each min- 
ute. Solution penetrates work basket from top and bottom, washes away 
oil and foreign matter from the densest charge. Bull’s-eye timer cycles 
the load for complete washing without guesswork or waste of time. 


Harold A. Moffat as salt bath fur- 
nace specialist. 
Before joining Lindberg, Mr. 


mean clean 





Complete data in 


Weavkee-washed parts are free of cutting and quenching oils, 
therefore predictable case 


furnace ° 
depths and cleaner, brighter work. 


| Moffat was responsible for sales 


and installation of scientific appar- 
atus and heat treating furnaces in 
the Ohio and Pennsylvania areas. 
A sales engineer for over 30 years, 


Bulletin 1201 





je 
[fw ENGINEERING CO. 


5137 N, 35TH ST., MILWAUKEE 9, WIS. 
MAKERS OF WAUKEE GAS FLO-METERS * MIXORS * COMPRESSORS 


Mr. Moffat has been devoted pri- 
marily to sales of salt bath equip- 


(Continued on page 50) 
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Precision Control up to 5000°F 


Model 
CT-312 





PERECO 


Carbon-Resistor Type TUBE FURNACE 


Developed to meet the demands of both industry and military. 
Suited for investigations in the ultra-high (3500°-5000° F.) tempera- 
ture ranges in the field of either metallurgy or ceramics. Wide 
range of ‘turn-down" insures very accurate results, May also be 
duplicated repeatedly. Capable of holding to 
plus or minus 20° F. at 5000° F. Choice of ex- 
tremely rapid or any slower cycle heat-up; close 
control of both temperature and power input: 
full range, FAIL-SAFE, safety devices: and easy 
low-cost element replacement. 


Standard or Spe- 
cial Furnaces or 
Kilns from 450° 
F. te S000° F. 


Write for Bulletin 







PERENY EQUIPMENT CO., INC. 


Dept. O, 893 Chambers Rd. Columbus 12, Ohio 
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MOVE IT FASTER 


...over any surface! 








The New WIRETEX Model 8-1 TRAY for 
pusher and horizontal type furnaces is 
designed to cut “moving” costs. Tapered 
runners permit riding over the roughest sur- 
face and obstructions freely. Compact! 
Rugged arc (not pressure welded) welded 
construction assures a long life under the 
highest temperatures. 


Standard units: 34” long, 22” wide, 6” high. 
Other sizes, all metals and alloys available. 


Call WIRETEX for all your heat treating 
fixtures, and save. 





TAPERED RUNNERS 


Specialists in Processing Carriers Since 1932. 


16 Mason Street, 


: mfg. €O., Bridgeport 5, Conn. 
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HEAT 
TREATING 
PROTECTION WHEN 


HARDENING, ANNEALING, 
STRESS RELIEVING! 


















An easy to use, economical, 
dry powder applied to steels 
before heat treating can 

save costly hours of grinding, 
polishing, buffing. 


Recommended for all f 
materials to be stress 
relieved, annealed and 
hardened at temperatures 
up to 1650° F., PBC is 
easy to use, requires 

no experience, just 

follow simple 

directions. 


BENEFIT THESE 4 WAYS... 


1. Prevents pitting, scale 
formation and 


decarburization. 

. Helps eliminate costly 
polishing, grinding and 
buffing operations. 


Available in 2 
pound, 5 pound, 15 
pound cans and in 
25 pound drums. 


- Completely sealed from 
detrimental atmosphere. 


Increases furnace 
capacity by eliminating 
time and space 
consuming packs. 


RESULTS USING 


*PBC 


THIS COULD HAVE 
BEEN PREVENTED 


 ) 





*(PHOENIX-BRAND COMPOUND) 


Write for literature, prices and the name of 
your nearest distributor today ! 


PAR KE R- 


HARTFORD CORPORATION 


VA \ .\ \ - 
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APPRENTICE CORNER 
(Continued from page 18) 


rous field; they provide molten 
metal for diecasting machines. 

In core type units, a loop of 
molten metal forms the shorted sec- 
ondary of the transformer system. 
It is often small compared with the 
main metal pool, but the motor ef- 
fect causes a stirring of the melt 
which aids in maintaining uniform- 
ity. A magnetic iron core is nor- 
mally used to concentrate the flux 
linkage. 

Several types of coreless induc- 
tion furnaces are available. In 
them, the primary coils surround a 


refractory container holding the 
melt. It is not necessary to have 
molten metal present to start the 
furnace, and the refractory con- 
struction is simplified. In many 
cases, the frequency is higher than 
line, and motor-generator sets are 
common for large installations — 
spark gap converters for lower 
power requirements. 

An unusual type of melting re- 
quirement is the tin reflow opera- 
tion on electrolytic tin plate lines. 
The tin, as plated, is a soft gray. 
To brighten and smooth the plate, 
the tin layer is melted as the plated 
metal moves to the coilers at the 
rate of a mile every couple of min- 





it’s significant that 


COMMERCIAL HEAT-TREATERS 


like DARTALLURGICAL PROCESSING CORP. 







..are the most ENTHUSIASTIC 
operators of the NEW 








ROLOCK 






Yes, commercial heat-treaters . 


Metallurgical Processing Corp. 





precise and d 


CARBON POTENTIAL CONTROLLER 


. men who depend wholly on the cost-efficiency 
of their equipment and the competitive high quality of their work . . . 
among the first to see the unique advantages of this entirely fresh approach to 
Carbon Potential Control. “The finest thing of its kind and a really practical, 
dependable solution to the problem,” says Mr. Louis Perlman, President of 
Other heat-treaters and heat-treating department heads agree. Here is a rela- 
tively simple, fully engineered system that works. 


THESE OUTSTANDING ADVANTAGES CAN BE YOURS TO ENJOY, TOO! 


Measures carbon potential of gas continuously by an entirely NEW method * 
Once properly adjusted to furnaces and gas generators, the control action is 
quires a minimum of attention . 
for specially trained po ° Permits far more uniform control of furnace 
atmospheres and hence results in more uniform, clean, high-quality work. 


For further information write to the Rolock Engineering Department. 


U. S. Patent No. 2,818,246 (Kappel) 


have been 













. does not call 








ROLOCK INC., 1332 KINGS HIGHWAY, FAIRFIELD, CONN. 


TRL6OB 
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utes. Powerful high frequency gen- 
erators have been used to melt the 
metal on the fly; the metal passes 
through the coils in a fraction of a 
second as it leaves the plater and 
travels down to the coilers. 
Heating for Forming 

A number of large installations 
have been used to heat metals for 
forging, extrusion, or rolling. Here, 
the value of the induction units lies 
in their ability to bring the billets 
to heat thoroughly and rapidly. This 
reduces the tendency for scale for- 
mation and cuts the quantity of 
work held in the heating areas 
compared with less rapid processes. 

The problem of depth of current 
penetration is most important here. 
So the frequency of the installation 
is varied with the diameter of the 
work to be processed. A rule of 
thumb: 


1000 cycles 2to6 in. diam 
3000 cycles lto3 in. diam 
10,000 cycles .. % to 1% in. diam 


In heating magnetic materials, 
dual frequency installations may 
improve efficiency. Initial heating 
is done with low—sometimes line— 
frequency; higher frequency is ap- 
plied after the work has reached a 
temperature where it is no longer 
magnetic. Large billets can be 
heated with 60 cycle units alone. 

Generation of the heat in the bil- 
let itself reduces temperatures in the 
working area, cut floor space, and 
simplifies startups and shutdowns. 
It is possible to design coils which 
will provide a nonuniform heat 
pattern in the billet. And installa- 
tions are easily automated. 

Heat Treatment 

Use of high frequency heating to 
produce a hardened case on steel 
parts is a well known use of induc- 
tion heating. Less common, but 
growing in importance, is the pos- 
sibility of complete heat treating 
while the material is on the move. 
A bar, for example, can be heated, 
quenched, and reheated for temper- 
ing as it moves along the processing 
line. Another use is the local anneal- 
ing of hardened steel parts, where 
they must be drilled after hardening. 

Relatively small heating units 
can sometimes be employed for 
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large jobs by progressive heating. 
One practice is to harden the teeth 
of a large gear one at a time. The 
short heating cycle does not per- 
mit enough heat transfer to soften 
the adjacent tooth as the next one 
is being heated. The rapid heating 
required necessitates high power 
density, obtained by concentrating 
the output of the generator on the 
individual teeth. The same prin- 
ciple is used in many other ways— 
for bearing surfaces, wrench jaws, 
lawn mower bed knives, lathe beds, 
and other parts. 

Heating time is so short that scale 
is not a problem, in spite of the 
lack of a protective atmosphere. But 
the short heating cycle may pose 
problems where carbides are 
spheroidal, hence take time to go 
into solution. 

Joining 

It has been estimated that some 
35 percent of the electronic heaters 
sold are used for joining operations, 
in addition to the motor-generator 
set used for this purpose. Solder- 
ing, welding, and brazing are car- 
ried out with these installations. In- 
duction puts the heat where it is 
needed, without softening other 
areas of the work. 

An interesting application of in- 
duction heating in the electrical in- 
dustry: The joining of multistrand 
wire. Where the wire has been cut 
and stripped of its insulation, it may 
tend to fray and will then require 
twisting before an electrical connec- 
tion can be made. If the wire has 
been lightly tinned, which is the 
practice to facilitate solder connec- 
tions, an induction heater can be 
used to heat the wire so that the 
solder joins the strands. The in- 
sulation does not interfere with the 


heating, since it is a nonconductor.: 


If desired, heating may be carried 
to the point where the bond of the 
insulation is weakened, making 
stripping easier. 
Heating in Enclosed Areas 
Because induction heating can be 
done without direct contact, heat- 


ing inside closed containers is pos- 
sible if they are insulators and do 


(Continued on page 47) 
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Control Quenching to 
improve Heat Treating 


@ The NIAGARA Aero HEAT 
EXCHANGER transfers the heat from 
the quench bath to atmospheric air. It 
never fails to remove the heat at the 
rate of input, giving you real control 
of the quench bath temperature. You 
prevent flashing of oil quenches. You 
improve physical properties, save loss 
of your product from rejections, get 


faster production, increase your heat 





treating Capacity. 
You have a closed system, freedom from dirt and scale. 


You avoid water supply and disposal problems. 


Write for Bulletin 120 and 132 


NIAGARA BLOWER COMPANY 
Dept. MG-2, 405 Lexington Ave., New York 17, N. Y. 
District Engineers in Principal Cities 
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=FE> MORE HEAT TREATING VOLUME 
with BASIC "BUZZER PACKAGE" 


NO BLOWER OR OTHER POWER NEEDED 
... just connect to gas supply 


GAS ATMOSPHERE 
puewace 


| 
i 
| 
' 








‘“BUZZER"’ modern gas-fired heat treating ond melting 
units give you the most dependable, economical ond 
productive system for turning ovt quolity jobs ot low 
productions costs. When power is off —‘“BUZZER’’ stays 
on the job! Standord ond special furnaces, large or 


ts ‘OVEN. 
small, available to equip your shop to exact requirements. 


COMPLETE LINE OF BY**ER BuRNERS FOR CLEANING, 
RINSING, PICKLING AND SUNDRY HEAT OPERATIONS 


i — 
—¥, 
YY WRITE TODAY FOR NEW “BUZZER” CATALOG 


CHARLES A. HONES, INC.’ 


145 S. GRAND AVENUE, BALDWIN, L.1., N.Y. © BAldwin 3-1110 
HEAT TREATING EQUIPMENT SPECIALISTS SINCE 1911 
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TEMPERING CHARACTERISTICS 
OF CARBON STEEL 


(Continued from page 13) 


Rockwell C scale as shown in Fig. 1. This graphical 
representation enables the choice to be made of any 
time-temperature combination to achieve a predeter- 
mined hardness or one can change the combination for 
technical reasons and still obtain the same hardness. 
Fig. 1 shows that density differences exist between the 
hardness lines. The average distance between the Rc 
60 and Rc 55 lines is about 140°C; while the distances 
between the other lines is more or less uniformly 50°C, 
with the exception of the distance between the Rc 50 
and Rc 45 lines, which is about 100°C apart. This 
finding is in agreement with that of Allten and Payson’ 
with the additional information of the sluggish response 
to tempering found in 480°-520°C range in this par- 
ticular type of steel. These anomalies can be observed 
better in Fig. 2 where hardness is plotted against treat- 
ment temperature, with time as parameter. These 
curves show the retardations of softening in the tem- 
perature ranges discussed above. 
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RELATIVE DIFFERANTIAL ELONGATICN 
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Fig. 3—Differential dilatation curve depicting the transformations 
occurring upon reheating martensite. The curve shows the E-carbide, 
cementite, and austenite transformations respectively. Apparatus 
used: Chevenard differential type dilatometer. Rate of heating 442°C 
per minute 
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Dilatometric examinations which were carried out by 
heating quenched specimens in a Chevenard differen- 
tial-type optical dilatometer revealed that the two tem- 
perature regions in which sluggishness in response to 
tempering was experienced coincided with the comple- 
tions of the E-carbide formation and the cementite 
transformation respectively. This can be observed by 
comparing the dilatometric curve shown in Fig. 3, with 
that of Figs. 1 and 2 which are essentially curves repre- 
senting the relationship between hardness, tempering 
temperature and time. For the lower temperature 
range the mechanism proposed by Allten and Paysons 
is operative, which postulates that the retardation in 
softening is due to the difficulty of cementite formation 
at that temperature. For the upper temperature range 
it was microscopically found, that the retardation in 
softening is due to the slowness in the growth of the 
cementite spherules. 
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Microscopic investigation did not reveal any anomaly 
in the morphology of the cementite. Microscopically 
resolvable cementite were of a mixture of rod shaped 
and spheroidal carbides, as shown in Fig. 4, which rep- 
resents the structure of a quenched specimen tempered 
for 72 hours at 650°C. It was found that the cementite 
completely spheroidised to an average spherule diam- 
eter of 0.005 mm. after 200 hours at that temperature. 
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Fig. 4—Mixed, spheroidal and rod-shaped carbidic structure, upon 
tempering of a commercial high-silicon carbon steel with low- 
chromium content (Pompey PSK). Treatment: doubl: h, fol- 
lowed by tempering at 650°C for 72 hours. Magnification: 1500X; 


etch: Nital 1% 





This discrepancy to Owen’s finding is attributed mostly 
to the influence of the chromium and to a lesser extent 
to the influence of manganese. Both of these elements 
are needed in the commercial steels for stabilization 
against possible graphitization. 

Even after prolonged heating at 650°C no traces of 
graphitization start were found. However, it was ob- 
served that the hardenability of the steel was impaired 
if austenitization times were kept normal after pro- 
longed heating, near but below the A, line. Full hard- 
enability was restored after lengthy austenitization prior 
to quenching. This phenomenon is attributed to the 
difficulty of fully redissolving very large-sized carbides 
on the one hand and to obtain austenitic homogeniety 
under such circumstances on the other hand. 

The very fact that such additions of carbide-forming 
elements which do not alter the anomalies in the tem- 
pering characteristics of high-silicon steels, but do alter 
the kinetics of the cementite formation, negates the 
assumption that the completely spheroidal structure of 
the cementite is a natural consequence of the silicon 
addition upon tempering and quenching pure iron-car- 
bon-silicon alloys. It is certain, however, that the 
change of shape of the particles is due to variations in 
local forces of surface tension and, as has been dem- 
onstrated, rod-like particles in silicon steels are also 
easily transformed to spheroids if local surface tension 
is reduced by sufficiently raising the treatment tempera- 
ture and supplying enough energy to cause the trans- 
formation by sufficiently lengthening the time of treat- 
ment at that temperature. * * * 
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APPRENTICE CORNER 
(Continued from page 45) 


not shield the metal to be heated. 
There are a number of industrial 
applications of this principle. Vac- 
uum tubes, for example, will not 
operate well if they contain gases, 
yet the metal parts of the tube will 
hold certain gases tenaciously un- 
less heated. If the tube is placed 
in a _ suitable induction heating 
unit, while still being evacuated, 
the adsorbed gases can be dislodged 
and the pump will take them out. 
It is also usual to include a small 
strip of metallic magnesium in the 
tube. After sealing, the tube is 
again placed in an induction coil 
and the magnesium is vaporized. 
That removes any last traces of oxy- 
gen, which could shorten service 
life. 

Use of induction melting is com- 
mon in the production of ultra- 
high-purity metals, needed in such 
developments as transistors. Use in 
such processes as zone refining is 
based on the principles of solutions 
and phase diagrams. Details and 
calculations may be complex, but 
an idea of the operation may be 
gained by referring to an old prin- 
ciple: A small addition of alcohol 
lowers the freezing point of water. 
As freezing commences, the first 
crystals to separate from the solu- 
tion are nearly pure water. So the 
alcohol is concentrated, and the 
freezing point of the remaining mix- 
ture is lowered. The last amount 
to freeze will have much more al- 
cohol, percentagewise, than the 
original mixture. (Years ago farm- 
ers used the process when they put 
a barrel of hard cider out on the 


back porch during freezing weather. 


The last small amount, which 
didn’t freeze, was applejack and 
had a well deserved reputation. ) 
Using the same principle, a 
molten zone (hence the term zone 
melting) is created by an induction 
coil. As the zone moves through 
the metal, materials tending to low- 
er the freezing point will concen- 
trate in the liquid area and are 
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therefore swept to the end. The | 
process may be repeated for addi- | 
tional purification. If the impuri- | 
ties tend to raise the freezing point, | 
they concentrate at the starting end. | 
A further refinement, floating | 
zone melting, is still trickier. One 
of the potential sources of contam- | 
ination in melting is the container | 
or crucible in which the metal is | 
held. Reactive metals, particularly, | 
can pick up undesirable contamina- | 
tion from this source. 
Floating zone melting eliminates | 
the problem by eliminating the con- | 
tainer. The rod of metal is sup- | 
ported vertically, and carefully con- | 
trolled induction heating is applied 
to a small section. It melts, but 
the molten zone is kept small 
enough so that surface tension holds 
it in place. By extremely careful 
control of the power input, the 
molten zone can be moved up the 
length of the metal, and so zone 
purification can take place without 
any crucible or refractory con- 
tainer. By surrounding the metal 
with a suitable insulating tube, con- 
trolled atmosphere or vacuum may 
be used. 
No longer simply a laboratory 
curiosity, zone refining methods 
have been used for commercial pur- 
ification where ultrapure metals 
have been required. | 





Drying 

A more prosiac process, drying, 
has also felt the impact of induc- 
tion heating methods. Here the 
interest is in continuous processing. 
Drying may be of water, for exam- 
ple after cleaning, or of paint in 
continuous lines. Heating the metal 
under the paint, rather than the 
paint itself, helps to evaporate the 
lower layers of solvent. Equipment 
makers are on the lookout for such 
jobs, where rapid and controlled 
heating may save time or space. 


Source: Steel 
December 28, 1959 
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Punch Heads Selectively 
Tempered 


Diagram shows arrangement for se- 
lectively tempering heads of alloy 
steel punches. The use of a combina- 
tion type solenoid and pancake in- 
duction coil reduces hardness from 
Re 55/56 to Re 41/44, improving 
resistance to brittle fracture at the 
head of the punch. In this case a 
heating cycle of 55 seconds provides 
uniform tempering. A multiple posi- 
tion fixture, processing 4 pieces at 
one time, speeds up production. 
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Laboratory analyses frequently re- 
quire heating of non-conducting 
materials to temperatures of 3,000 
to 3,500° F. in vacuum or special 
atmosphere. This can be accomplish- 
ed by induction heating with the aid 
of a metal susceptor. Diagram shows 
the fusion of mica samples in an alu- 
mina crucible, using molybdenum 
susceptor. A ceramic tube surround- 
ing the susceptor isolates the work for 
fusion in a vacuum. The molybdenum 
susceptor is heated by induction, 
which in turn, heats the crucible by 
iation. 











THE RIGHT TEMPERATURE CONTROL SYSTEM 
(Continued from page 7) 


mines the extent of its thermal inertia. A furnace with 
a heavy and large muffle has a high heat storage capac- 
ity. Heat heads will build up rapidly during heat input 
periods and the momentum from the latent heat con- 
tinues to push product temperature up after the heat is 
turned off. The converse is also true. Product tem- 
perature will continue to drop after the heat is turned 
on. In short, the furnace is sluggish and the tempera- 
ture swings are wide and slow. 

Thus, in each process and process equipment used 
there are two characteristics which must be consid- 
ered: — 

1. The resistance to heat transfer, and 

2. Thermal inertia. 

What are some of the characteristics which influence 
your selection of a control system? There are five 
characteristics of the product to be considered. The 





Fig. 5—Mass and shape cf work inf the selection not only 
of the furnace design but also of the control system in order to 
maintain uniform heat from top to bottom and side to side. 





first characteristic of the product is the state of the 
product; that is, whether it is liquid or solid. This is 
important in deciding the degree of temperature toler- 
ances. For example, a solid product such as steel or 
ceramics may have a temperature tolerance of + 5, 10, 
15° F or even more. On the other hand, molten metal 
may have a tolerance much less than this. 

The second characteristic is the material of the 
product; whether it is ferrous, non-ferrous or ceramic 
is also of importance. Most non-ferrous and high alloy 
steel products have temperature tolerances of + 5 or 
10° F. On the other hand, low carbon steel and other 
ferrous metals may have a temperature tolerance of 
+ 15 to + 25° F. 

The third characteristic—assuming the furnace is 
properly designed for the job—is the mass and shape 
of the product. This determines the responsibility the 
control system must assume for uniform heat penetra- 
tion. Fig. 5 illustrates this point. The mass and shape 
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of this 50-foot roll of steel influences the selection of not 
only the furnace design but the further selection of the 
control system in order to maintain uniform heat from 
top to bottom and side to side. 

The fourth characteristic of the product is its critical 
temperature. The nearer the product is heated to its 
critical temperature, the more responsive must be the 
control system. 

The fifth and last characteristic of the product is the 
quality of the product after heating. In heat treating, 
for example, the effect of furnace atmosphere varies 
with temperature. Oxidation and carburizing occur 
faster at some temperatures than at others. For parts 
of uniform quality, temperature must be held uniformly 
throughout the furnace load. 

What are some of the characteristics of production 
which influence your selection of a control system? 
Two important ones are: 

1. Operating flexibility 

2. Risk and economy 

The extent to which the right control is important to 
operating flexibility depends on the frequency with 
which process upsets occur under normal operating 
conditions. It is the job of your control system to be 
able to correct as rapidly as possible for changes such 
as furnace loads caused by production requirements. 
It is important that the control system get you back 
into production without any unnecessary overshoot or 
undershoot. In addition, it must also, in the minimum 
amount of time, correct for a change in the type of 
product. 

The importance of properly handling this problem 
involves risk and economy. They go hand in hand. If 
the process equipment is an integral part of capitaliza- 
tion or if the product is a sizeable amount of inven- 
tory investment, the right temperature control is the 
most economy-wise way to insure against risk of loss. 


Selecting the Right 
Temperature Control System 


Once we have analyzed the process, equipment, 
product and production characteristics, we are now 
ready to select a control system. This brings us to the 
different types of temperature control systems and 
when to use them. 

There are two basic forms of control used to regu- 
late heat input to a furnace: on-off and proportioning. 
On-off control, sometimes known as Two Position 
Control, turns heat on when temperature is below the 
pre-set control point; turns heat off when it goes above 
the pre-set control point. Its disadvantages are that tem- 
perature constantly cycles above and below the control 
point, and that regardless of the size, rate or extent of 
temperature change, heat supply can be corrected only 
by a fixed amount. 

However, on-off control has the advantage of being 
low in initial cost, is usually less expensive to install, 
and because of its simplicity, it is easier to maintain. 
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Fig. 6 shows a typical on-off curve under different con- 
ditions. For many processes this type of control is per- 
fectly adequate and should be specified. Here are two 
conditions that must exist for on-off control to do a 
satisfactory job: 

1. Constant undershoot or overshoot of the pre-set 
control point will not damage the product of the 
process equipment or will not slow down pro- 
duction. 


2. Resistance to heat transfer from the heater to the 
temperature sensing device is small. 





Fig. 6—Typical on-off records. 


These conditions are most likely to exist on pro- 
cesses operated at temperatures under 1200° F with no 
protective well or tube on the thermocouple and with- 
out a protective atmosphere. On a continuous process, 
they also exist on a pre-heat or cooling zone where 
temperature usually is not critical. 

On the other hand, proportioning control, as_ its 
name implies, adjusts heat input to the process to ex- 
actly match the amount of heat needed to maintain 
desired temperature under any conditions. It has three 
functions: 

1. Proportional action, 

2. Reset action, and 

3. Rate action 





Proportional action permits smooth variations of 
heat supply over an adjustable temperature band. It is 
often described as straight line control, contrasted with 
the cycling action of on-off control. The width of the 
adjustable band can be set manually and is referred 
to in terms of percent of instrument scale. Within the 
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Fig. 8—When an upset occurs without automatic reset, the process 
droops and does not return to contro! point. 


band, heat input varies as temperature moves through 
the band—from maximum input at downscale to mini- 
mum input at the upscale position. 

With proportional action only, the control recognizes 
no sub-control point—heat input simply varies in pro- 
portion to temperature changes within the band. In 
effect, proportional action varies heat input with tem- 
perature. 

For a more precise control we add automatic reset 
action. This function brings temperature to a set con- 
trol point regardless of load or required heat input. It 
dees this by automatically shifting the proportional 
band up or down scale with respect to the sub-point. 
If, for example, 75% of the maximum heat input is 
necessary to hold the process at control point, 75% 
of the maximum heat input of the proportional band 
will be above the set point as shown in Fig. 7. If only 
25% of the band is required to hold the pre-set control 
point, 25% of the band will be above the set point. 
In effect, reset action automatically readjusts the posi- 
tion of the proportional band to hold temperature at 
the set control point. 

Fig. 8 shows what happens without an automatic 
reset. Notice that when an upset occurs the process 
droops and does not return to the control point. With 
automatic reset the proportional band would auto- 
matically shift upscale, and the process would be re- 
established at the control point. 

Last but not least, we have rate action. Rate action 
is added to the control instrument to increase the cor- 
rection for temperature changes in proportion to the 
speed of the deviation. It heads off a temperature 
swing by initially over-correcting the heat supply 
called for by the proportional and reset actions. In 
this way it minimizes upsets and in most cases elimin- 
ates overshoot. 

In conclusion, it should be stressed that only an 
understanding of the characteristics of the control sys- 
tem, of the process, process equipment, product, and 
of production will enable a heat treater to make a wise 
selection and assure the best available accuracy and 
reproducibility for his particular process. 

The best in accuracy and reproducibility in a heat 
treating process will provide the best in economy and 
safety. eee 
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DESIGNERS 
OF SPECIAL 
EQUIPMENT 










High alloy such as RA-330, Hastelloy 
and Inconel—for the heat treating in- 
dustries . . . a plant with over 50 years 
experience as fabricators, and grey iron 
castings. Illustrated above is Venturi- 
High Temperature Alloy. 


Alloy muffle 
... example 
of one type 
fabrication 

job. 


Corrugated 
baskets. 


Pickling 
racks. 





Fully illustrated colored b-ochure shows 
many types cf Custom Fabrication . . . 
write for it today. 
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NEWS TO HEAT TREATERS 
(Continued from page 42) 
ment for the past 17 years, three of 
which have been spent in the West 
Coast territory. He will be head- 





quartered at the Lindberg expanded 
Los Angeles Plant and will service 
national and local accounts in the 
West Coast area. 


VERTICAL TUBE FURNACES 


Hevi-Duty Electric Company, a 
Division of Basic Products Corpor- 
ation, Milwaukee, Wisc., announces 
a new line of standard vertical tube 
furnaces for use in tensile and 
creep testing machines. They are 
available as solid tube furnaces or 
in the hinged type design which 
allows the user to place specimens 
in the test rig, swing the furnace 
into position, and clamp it around 
the test piece. Three maximum 
temperature ranges, 1850° F, 2,- 
200° F, or 2600° F are available. 
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FIRMS MERGE 


In a joint statement, C. S. Rob- 
inson, President of Robinson Tech- 
nical Products, Inc., Teterboro, 
New Jersey, and Joseph B. Merrill, 
President of High Vacuum Equip- 
ment Corporation, Hingham, Mass- 
achusetts, announced that Robinson 
has acquired all of the outstanding 
shares of High Vacuum through 
an exchange for shares of Robinson 
Technical Products Inc. 

This merger joins two companies 
which have been leaders for a num- 
ber of years in furnishing special- 
ized equipment used extensively in 
the aircraft, guided missile, elec- 
tronics and commercial fields. 

High Vacuum Equipment Cor- 
poration will be operated as a 





wholly owned subsidiary of Rob- 
inson Technical Products Inc., and 
all of its assets will be retained. The 
management of High Vacuum will 
continue and it is contemplated that 
two of its Directors, Joseph B. 
Merrill, President, and Gerhard D. 
Bleicken, Director and Vice Presi- 
dent and Secretary of John Han- 
cock Mutual Life Insurance Com- 
pany, will become Directors of 
Robinson. 


INSPECTION OF HONEYCOMB 
PANELS 

An “inexpensive, quick and com- 
pletely satisfactory” method of in- 
specting brazed metal honeycomb 
sections for structural integrity has 
been developed by Picker X-ray 
Corporation, it is reported by John 
Leask, Picker’s industrial represent- 
ative. 


The honeycomb sections, used 
extensively where light weight must 
be combined with great strength, as 
in high-speed aircraft, must be com- 
pletely inspected, Leask pointed 
out, since structural strength is so 
dependent upon the soundness of 
the joint brazing. Inspection meth- 
ods previously developed have 
proved inadequate, time-consum- 
ing and expensive, he said. 

“Research by Picker X-ray Cor- 
poration has led to the development 
of a photo fluorography technique 
that gives the required sensitivity 
(3%), adequate speed (145 sq. 
ft./hour on a 4” panel thickness), 
moderate initial investment, and low 
operating costs,” Leask reported. 

In operation, he explained, the 
x-ray head and the detector move 
across the structure being inspected 
—eliminating the problem of mov- 
ing the structure—and automatic- 
ally “scan” the entire unit, exposing 
in rapid sequence 16” x 16” sec- 
tions (when used on 3%4”-thick pan- 
els). Each of these projections on 
the fluoroscopic screen is automat- 
ically recorded by the camera and 
the film is ready for inspection with- 
in minutes, he said. 

Results with the system, Leask 
declared, have been excellent. 
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METAL STABILITY THROUGH COLD TREATMENT 
(Continued from page 3) 


to process various alloy tool steel and high speed steel, 
used in tools and gages. (See Fig. 4). 

The versatility of the chilling technique has been 
amply demonstrated by Fenwal, Inc., Ashland, Mass., 
who now find cold treatment indispensable to all three 
departments of their operation—engineering, quality 
control, and production. In their engineering labora- 
tory a chilling machine has served them for five years 
in environmental tests of temperature control and 
alarm units and systems. Their quality control lab has 
used a chilling machine since May 1956 for low tem- 
perature ambient tests, calibration tests, and shock tests 
on low temperature range thermistors, thermocouples, 
and liquid-filled controllers operating from -100°F to 
200°F. The chilling machine has proved far more de- 
pendable and less expensive than dry ice. In their pro- 
duction department, a chilling machine has maintained 
-120°F for two years without interruption or shutdown. 
The machine is used to relieve stress in materials used 
in the manufacture of thermo-switch controls. 


In evaluating the importance of cold treatment, it 
must be remembered that retained austenite has been a 
continual challenge to every manufacturer making pre- 
cision parts from alloy steel. Chilling has now proved 
their answer to effect ductility and to insure dimen- 
sional stability for critical components. Another point 
deserving emphasis is the economy of cold treatment, 
its almost insignificant cost on a per pound basis when 
assayed against later savings in processing, and higher 
quality of the end product. 

Assuming that the proper system and chilling unit 
have been installed for the job, analysis will reveal a 
cost of only a small fraction of a cent per pound for 
cold treatment. This computation should, of course, 
include the original cost of the machine, amortization, 
water, electric power, and maintenance. The figure 
should always represent a substantial saving over the 
use of dry ice for the same purpose. The cost of cold 
treatment is far more than offset by the later production 
economies made possible and by the higher selling price 
warranted by the improved wearing qualities of the end 
product. Manufacturers of low temperature equipment 
are in a position to advise prospective users quite ac- 
curately as to their costs in employing chilling in their 
plants. 

Just as the high frequency wavelengths have revealed 
new qualities in the reproduction of sound, the applica- 
tion of the other end of the temperature scale is provid- 
ing control of metal properties hitherto unattainable by 
normal heat treating. The process of chilling has been 
in general use for only a few years. Every month it is 
finding new and important applications. Its ultimate 
effect on our industrial and consumer products, in terms 
of satisfactory performance over long periods, is as yet 
incaluculable. a. a 
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MANUFACTURERS’ 


LITERATURE 





HEAT TREATING TOOL STEEL 

A 4-page, illustrated article en- 
titled “Hints on Heat Treating Tool 
Steel” is included as a supplement 
at the end of a new, complete, illus- 
trated 40-page catalog recently pub- 
lished by K. H. Huppert Co., 
Chicago. 

The company is a manufacturer 
of electric heat treating and labora- 
tory furnaces and ovens. It also 
constructs furnaces to order and 
manufactures a complete line of 
thermocouples and pyrometers. 
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HEATING ACCESSORIES 

Claud S. Gordon Company, Chi- 
cago, has a revised general catalog 
on its complete line of heating ac- 
cessories, including ordering infor- 
mation and prices on their Xact- 
line anticipating input control; Xac- 
temp hand pyrometers; SERV- 
RITE extension and thermocouple 
wire, thermocouple elements, heads, 
insulators, protecting tubes, drilled 
protecting wells, and thermocouple 
assemblies. 
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HEATING EQUIPMENT CATALOG 

All product lines of Salem- 
Brosius, Inc., Pittsburgh, and _ its 
subsidiary companies, Alloy Manu- 
facturing Corp., R. H. Freitag Mfg. 
Corp., and General Ionics Corp., 
are described and illustrated in a 
54-page booklet. Each manufactur- 
ing operation of the company is 
separated, and much of the com- 
pany’s manufacturing equipment is 
shown. The last section of the 
book is devoted to a “Facilities 
List”, describing every piece of 
manufacturing and testing equip- 
ment in the company’s three plants. 
For further information circle No. 49 
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EQUIPMENT LEAFLET 
A four-page leaflet is available 
from the Berlin Chapman Co., 

Berlin, Wisconsin, successors to 

Misco Fabricators, Inc. The leaflet 

describes the boxes, trays, fixtures, 

baskets, retors, hoods and muffles 
manufactured by the company, and 
is entitled Heat Resisting Process 

Equipment. 

For further information circle No. 50 
PROGRAM CONTROL SYSTEM 
New four-page data sheet de- 

scribes operation of Leeds & North- 
rup Company’s new Master-Slave 
Program Control System which is 
designed for applications where 
temperature uniformity is of prime 
importance. The system already is 
being used successfully in the braz- 
ing of stainless steel honeycomb 
panels for supersonic aircraft and 
missiles. The data sheet includes a 
schematic which illustrates the flexi- 
bility of the system, a convenient 
table describing each component, 
and a graph which shows how the 
system can take the product through 
a typical program—from pre-heat 
through aging — without transfer- 
ring the product to separate process 
equipment for sub-zero tempera- 
tures. A listing of optional equip- 
ment completes the data sheet. 

For further information circle No. 51 


POWER CONVECTION BULLETIN 
Heat treating furnaces in which 
the principle of “Power Convection” 
is used, are described in an 8-page, 
two-color folder published by Sur- 
face Combustion Division. 
Applications of Power Convec- 
tion systems which are achieving 
unprecedented rates of heat transfer 
are shown photographically, and 
also schematic flow diagrams of 
typical Power Convection systems 
are reproduced. 
For further information circle No. 52 
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AIRCRAFT STEELS BOOKLET 

A new booklet on the aircraft 
steels AM-350 and AM-355 is now 
being distributed by Allegheny Lud- 
lum Steel Corporation, developers 
of these materials. 

The 24-page booklet gives de- 
tailed information on the steels as 
to their mechanical and physical 
properties at various temperatures. 
Also included are sections on heat 
treating, fabrication, including form- 
ing, forging, welding, brazing, and 
machining. Numerous tables giving 
detailed data are included. 

While most of the current pro- 
duction of these two steels goes into 
the aircraft and missile fields, both 
AM-350 and AM-355 can be used 
for other applications, including flat 
and coiled springs, corrosion resist- 
ant fasteners, dental and surgical 
equipment, saws and saw blades, 
piston rings, glass molds, and pump 
and camera parts. 

For further information circle No. 53 
PRINCIPLES OF HEAT TREATING 

A new 72-page booklet has re- 
cently been published which should 
serve as an excellent source of in- 
formation for the heat treating ap- 
prentice or for any engineer, tech- 
nician, salesman or anyone who 
might be helped by an understand- 
ing of the basic principles of heat 
treating. 

The booklet is the summary of a 
series of eight lectures given under 
the sponsorship of the West Michi- 
gan Chapter of the American So- 
ciety for Metals by Lou J. Haga, 
President of State Heat Treat, Inc., 
Grand Rapids, Mich. Mr. Haga 
has published the material as a 
bound booklet with these chapter 
headings: “Vocabulary; Solutions; 
Iron Carbon Diagrams; TTT Dia- 
gram; Tempering and Hardenabil- 
ity; Heat Treatment of Steel—Slow 
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and Fast Cooking; and Surface 
Treatments.” 

The booklet costs $3.00 per 
copy and should be ordered directly 
from L. J. Haga, State Heat Treat 
Inc., 520 32d Street, S. E., Grand 
Rapids 8, Michigan. 

For further information circle No. 54 
QUENCHING OIL BOOKLET 

Rodman Quenching Oils R-1 and 
R-2 are the subject of a new 28- 
page illustrated booklet published 
by Rodman Chemical Company, 
Verona, Pa., manufacturers of 
quenching oils and carburizing com- 
pounds. 

Case histories of Rodman 
Quenching Oils in use with a wide 
variety of furnaces and products are 
shown. Data and curves comparing 
quenching speed, surface cooling 
speed, uniformity of hardness, and 
distortion obtained with these and 
other oils are given. Comments of 
users and illustrated applications 
can easily be related to the solving 
of your quenching problems and the 
improvement of your heat treating 
operations. 


For further information circle No, 55 


HOT-DIP ALUMINUM COATING 


A new brochure on Hot-Dip 
Aluminum Coating to prevent at- 
mospheric corrosion and high tem- 
perature oxidation and scaling of 
ferrous parts has been prepared by 
Arthur Tickle Engineering Works, 
Brooklyn, N. Y. The process for 
which Tickle is said to have the 
largest dipping facilities in the coun- 
try, handling parts as large as 40° 
diameter x 16 long or 68” x 68” x 
130”, or as small as nuts and bplts, 
molecularly bonds a coating of 
pure aluminum to the base metal, 
with a hard, impervious, abrasion 
resistant interlayer of Fe-Al, alloy 
uniting the two. 

For further information circle No. 56 


POWDERED PICKLING 
COMPOUNDS 


A 4-page_ technical _ bulletin 
available from Frederick Gumm 
Chemical Company, Kearny, N. J., 
contains information on powdered 
pickling compounds for various ap- 
plications. 

The bulletin describes the ad- 
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vantages of powdered pickling com- 
pounds, then cites a number of 
specific pickling problems with the 
compound recommended for each, 
together with a description of the 
compound. Description includes 
recommended working tempera- 
tures, concentrations used, and 
length of treatment time. 

For further information circle No. 57 
BLAST CLEANING STRUCTURAL 
STEEL 

“The Facts In The Case For 
Cleaning Structurals,” a new bulle- 
tin offered by Wheelabrator Cor- 
poration, discusses the economic 
aspects of blast cleaning structural 
steel prior to use in commercial 
construction. 

The long and short range consid- 
erations affecting structural fabrica- 
tors, construction contractors, and 
the owners of commercial struc- 
tures are discussed, along with the 
effects of blast cleaning on main- 
tenance costs and on the life of 
structural steel coatings. Illustra- 
tions depict equipment and _ tech- 
niques used in blast cleaning of 
angles, channels, beams, plate, and 
other structural shapes. 

For further information circle No. 58 

FIRE EQUIPMENT CATALOG 

Ansul Chemical Company, Mari- 
nette, Wisc., has issued a new cata- 
log displaying its 1960 line of fire 
equipment. The catalog lists An- 
sul’s complete line, including hand 
portable extinguishers, stationary 
fire equipment, piped systems and 
large capacity mobile equipment 
such as fire jeeps and trucks. 

Hand portable extinguishers shown 
in the catalog cover requirements 
for Class A, B and C fires as well 
as combustible metal fires. Among 
the new portable units featured are 
Ansul’s Monitor extinguisher and 
the Sentry “Energized” series. 

For further information circle No. 59 


METALLURGICAL TESTING 
FURNACES 


Eighteen new product specifica- 
tion sheets, covering the complete 
line of Marshall metallurgical test- 
ing furnaces, ovens, and accessories, 
have been combined into a single 
plastic-bound catalog by Marshall 
Products Company. 


Included in the catalog are six 
tensile and creep testing furnaces, 
three other special furnaces, three 
different control panels, two high 
temperature ovens, and such ac- 
cessories as mounting brackets, 
height tables, and platinum strip 
gauges. Each sheet contains tech- 
nical descriptive copy and at least 
one illustration. 

Marshall test furnaces perform 
over a temperature range of 200° F 
to 4000° F, operating in vacuum, 
air, or inert atmosphere. 

For further information circle No. 60 





FURNACE COMPONENTS 
8—industrial Gas Fans—Suitable 1400° 


Stainless Liners & Runners 20000- 
35000C FM 
H.D. Ball Bearing ...... @ $600.00 


4—McKee Pressure Blowers—2250 CFM 
@16 oz. 15 HP TEFC Motors @ $400.00 


3—North American Pressure Blowers 2600 
CFM@I2 oz. IS HP Motors @ $300.00 
3—Quench Oil Coolers—39" x 18° 
19-2” flues ..... Ea. $1500.00 
Speed Reducers — Motors 
Control Equipment 


HARRIS MACHINERY COMPANY 
50! 30th Avenue S.E., Mopls., Minn. 
FE 1-1829 








POSITIONS ray NOW 


Sales-Minded Metallurpiets 


P lished heat treating 
equipment TE ee with new products and 
expanding business has immediate openings for 
aggressive sales —— with metallurgical 
training or e@: 

Top earnings keep pace with your sales ability. 
A salary and incentive progrom assures you that 
there is no ceiling to success. Sales expenses, 
cor and insurance benefits are also included. 
Your proven ability leads to the position of 
District Sales Manager. A herd hitting odvertis- 
in>, direct moil and trode show program will 
bock you up. All replies handled in strict 
confidence. 

To join a 





Proven company that is pacing the 
industry in the design and of heat 
treating equipment— 
Submit your resume to: 
BOX #200 
METAL TREATING INSTITUTE 
271 North Avenue, New Rochelle, N.Y. 
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THE ONLY macAzine DEVOTED EXCLUSIVELY TO THE HEAT TREATING INDUSTRY 


AMMONIA, ANHYDROUS 


ARMOUR INDUSTRIAL CHEMICAL COMPANY 
DIVISION OF ARMOUR AND COMPANY 
110 North Wacker Drive 

Chicago 6, Illinois 


AMMONIA STORAGE EQUIPMENT 


ARMOUR INDUSTRIAL CHEMICAL COMPANY 
DIVISION OF ARMOUR AND COMPANY 
110 North Wacker Drive 

Chicago 6, Illinois 


CARBURIZING COMPOUNDS 


PARK CHEMICAL COMPANY 
8074 Military Avenue 
Detroit 4, Michigan 


DISSOCIATORS, AMMONIA 


GENERAL ELECTRIC COMPANY 
INDUSTRIAL HEATING DEPARTMENT 
One Progress Road 

Shelbyville, Indiana 


ROLOCK, INC. 


1332 Kings Highway 
Fairfield, Connecticut 


EVAPORATIVE COOLING 


NIAGARA BLOWER COMPANY 
405 Lexington Avenue 
New York 17, New York 


FABRICATION 

(Heat & Corrosion Resistant) 
ALUMINUM AND ARCHITECTURAL 
METALS COMPANY 
1974 Franklin Street 
Detroit 7, Michigan 
BERLIN CHAPMAN CO. 
Berlin, Wisconsin 
GENERAL ALLOYS COMPANY 
390 West First Street 
Boston 27, Massachusetts 
IPSEN INDUSTRIES, INC. 
715 South Main Street 
Rockford, Illinois 
THE PRESSED STEEL COMPANY 
Wilkes-Barre, Pennsylvania 
ROLOCK, INC. 
1332 Kings Highway 
Fairfield, Connecticut 
STANWOOD CORPORATION 
4825 West Cortland Street 
Chicago 39, Illinois 
WIRETEX MFG. CO., INC. 


16 Mason Street 
Bridgeport 5, Connecticut 


FIXTURES 


AJAX ELECTRIC COMPANY 
940 Frankford Avenue 
Philadelphia 23, Pennsylvania 
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ALUMINUM AND ARCHITECTURAL 
METALS COMPANY 
1974 Franklin Street 
Detroit 7, Michigan 


BERLIN CHAPMAN CO. 
Berlin, Wisconsin 


GENERAL ALLOYS COMPANY 
390 West First Street 
Boston 27, Massachusetts 


INTERNATIONAL NICKEL CO., INC 
67 Wall Street 
New York 5, New York 


ROLOCK, INC. 
1332 Kings Highway 
Fairfield, Connecticut 


STANWOOD CORPORATION 
4825 West Cortland Street 
Chicago 39, Illinois 


WIRETEX MFG. CO., INC. 
16 Mason Street 
Bridgeport 5, Connecticut 


FLAME HARDENING 


META-DYNAMICS DIVISION 
THE CINCINNATI MILLING 
MACHINE COMPANY 

4701 Marburg Avenue 
Cincinnati 9, Ohio 


SELAS CORPORATION OF AMERICA 
Dresher, Pennsylvania 


FLOW MEASUREMENT 


AMERICAN GAS FURNACE CO. 
808 Lafayette Street 
Elizabeth, New Jersey 


SELAS CORPORATION OF AMERICA 
Dresher, Pennsylvania 


WAUKEE ENGINEERING CO. 
5137 North 35th Street 
Milwaukee 9, Wisconsin 


FURNACES 


AMERICAN GAS FURNACE CO. 
808 Lafayette Street 
Elizabeth, New Jersey 


DENVER FIRE CLAY COMPANY 
2301 Blake Street 
Denver, Colorado 


GENERAL ELECTRIC COMPANY 
INDUSTRIAL HEATING DEPARTMENT 
One Progress Road 

Shelbyville, Indiana 


HEVI-DUTY ELECTRIC COMPANY 
A DIVISION OF 

BASIC PRODUCTS CORPORATION 
P. O. Box 563 

Milwaukee 1, Wisconsin 
CHARLES A. HONES, INC. 
Baldwin, L. 1, N. Y. 

IPSEN INDUSTRIES, INC. 

715 South Main Street 

Rockford, Hlinois 


LINDBERG ENGINEERING COMPANY 
2466 West Hubbard Street 
Chicago 12, Illinois 


PACIFIC SCIENTIFIC COMPANY 
P. ©. Box 22019 
los Angeles 22, California 


PERENY EQUIPMENT CO., INC. 
Box 193, Station A 
Columbus 1, Ohio 


POWER UNIT SALES COMPANY 
2102 West Chestnut Avenue 
Santa Ana, California 


SELAS CORPORATION OF AMERICA 
Dresher, Pennsylvania 


THE SENTRY COMPANY 
62 Main Street 
Foxboro, Massachusetts 


FURNACES (Salt Bath) 


AJAX ELECTRIC COMPANY 
940 Frankford Avenue 
Philadelphia 23, Pennsylvania 


AMERICAN GAS FURNACE CO. 
808 Lafayette Street 
Elizabeth, New Jersey 


HEVI-DUTY ELECTRIC COMPANY 
A DIVISION OF 

BASIC PRODUCTS CORPORATION 
P. O. Box 563 

Milwaukee 1, Wisconsin 


CHARLES A. HONES, INC. 
Baldwin, L. I., N. Y. 


LINDBERG ENGINEERING COMPANY 
2466 West Hubbard Street 
Chicago 12, Illinois 


POWER UNIT SALES COMPANY 
2102 West Chestnut Avenue 
Santa Ana, California 


FURNACES (Vacuum) 


GENERAL ELECTRIC COMPANY 
INDUSTRIAL HEATING DEPARTMENT 
One Progress Road 

Shelbyville, Indiana 


HEVI-DUTY ELECTRIC COMPANY 
A DIVISION OF 

BASIC PRODUCTS CORPORATION 
P. O. Box 563 

Milwaukee 1, Wisconsin 


IPSEN INDUSTRIES, INC. 
715 South Main Street 
Rockford, Illinois 


LINDBERG ENGINEERING COMPANY 
2466 West Hubbard Street 
Chicago 12, Illinois 


NEW YORK AIR BRAKE COMPANY 
KINNEY MFG. DIVISION 
3594 Washington Street 
Boston 30, Massachusetts 
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ATERIALS 
DIRECTORY 


PACIFIC SCIENTIFIC COMPANY 
P. ©. Box 22019 
los Angeles 22, California 


PERENY EQUIPMENT CO., INC. 
Box 193, Station A 
Columbus 1, Ohio 


GAS BURNERS & TORCHES 


CHARLES A. HONES, INC. 
Baldwin, L. 1., N. Y. 


GAS GENERATORS 


AMERICAN GAS FURNACE CO. 
808 Lafayette Street 
Elizabeth, New Jersey 


GENERAL ELECTRIC COMPANY 
INDUSTRIAL HEATING DEPARTMENT 
One Progress Road 

Shelbyville, Indiana 


HEVI-DUTY ELECTRIC COMPANY 
A DIVISION OF 

BASIC PRODUCTS CORPORATION 
P. O. Box 563 

Milwaukee 1, Wisconsin 


IPSEN INDUSTRIES, INC. 
715 South Main Street 
Rockford, Illinois 


LINDBERG ENGINEERING COMPANY 
2466 West Hubbard Street 
Chicago 12, Hlinois 


PACIFIC SCIENTIFIC COMPANY 
P. O. Box 22019 
los Angeles 22, California 


POWER UNIT SALES COMPANY 
2102 West Chestnut Avenue 
Santa Ana, California 
ROLOCK, INC. 

1332 Kings Highway 

Fairfield, Connecticut 


GAS MIXING EQUIPMENT 


WAUKEE ENGINEERING CO. 
$137 North 35th Streer 
Milwaukee 9, Wisconsin 


GASES 


ARMOUR INDUSTRIAL CHEMICAL COMPANY 


DIVISION OF ARMOUR AND COMPANY 
110 North Wacker Drive 
Chicago, linois 


HARDNESS TESTERS 
WILSON MECHANICAL INSTRUMENT DIV. 


AMERICAN CHAIN & CABLE COMPANY, INC. 


230 Park Avenue 
New York 17, New York 


HEAT EXCHANGERS 
NIAGARA BLOWER COMPANY 
405 Lexington Avenue 
New York 17, New York 
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Tat ONLY magazine vevoreo EXCLUSIVELY TO TE NEAT TREA 


HEATING ELEMENTS 
(Non-Metallic) 


NORTON COMPANY 
622 New Bond Street 
Worcester 6, Massachusetts 


HIGH TEMPERATURE FANS 


GARDEN CITY FAN COMPANY 
801 North Eighth Street 
Niles, Michigan 


INDUCTION HARDENING 


META-DYNAMICS DIVISION 
THE CINCINNATI MILLING 
MACHINE COMPANY 

4701 Marburg Avenve 
Cincinnati 9, Ohio 


LEPEL HIGH FREQUENCY LABORATORIES, INC. 


55th St. and 37th Ave., 
Woodside 77, N. Y. 


METAL FINISHING 


HEATBATH CORPORATION 
P.O. Box 78 
Springfield 1, Massachusetts 


PROTECTIVE COATINGS 


MARKAL COMPANY 

3102 W. Carroll Avenue 

Chicago 12, Illinois 

PARK CHEMICAL COMPANY 

8074 Military Avenue 

Getroit 4, Michigan 
PARKER-HARTFORD CORPORATION 
Hartford, Connecticut 


QUENCH BATH TEMPERATURE 
CONTROLS 


J. HANNAN COMPANY 
12727 Buckeye Road 
Cleveland 20, Ohio 


NIAGARA BLOWER COMPANY 


405 Lexington Avenve 
New York 17, New York 


QUENCHING OILS 


PARK CHEMICAL COMPANY 
8074 Military Avenue 

Detroit 4, Michigan 

SINCLAIR REFINING COMPANY 
600 Fifth Avenue 

New York, New York 


SUN OIL COMPANY 
INDUSTRIAL PRODUCTS DEPARTMENT 


Philadelphia 2, Pennsylvania 
RADIANT TUBES 


THE PRESSED STEEL COMPANY 
Wilkes Barre, Pennsylvania 


nt 


TUNG INDUSTRY 
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REFRACTORIES 


NORTON COMPANY 
622 New Bond Street 
Worcester 6, Massachusetts 


SALTS (Heat Treating) 


AMERICAN CYANAMID COMPANY 
PROCESS CHEMICALS DEPARTMENT 
30 Rockefeller Plaza 

New York 20, New York 


HEATBATH CORPORATION 
P.O. Box 78 
Springfield 1, Massachusetts 


PARK CHEMICAL COMPANY 
8074 Military Avenue 
Detroit 4, Michigan 


SPECIAL CONTROL EQUIPMENT 


AJAX ELECTRIC COMPANY 
940 Frankford Avenue 
Philadelphia 23, Pennsylvania 
IPSEN INDUSTRIES, INC. 

715 South Main Street 
Rockford, Illinois 


TEMPERATURE CONTROLS 


MARKAL COMPANY 

3102 West Carroll Avenve, 
Chicago 12, Illinois 

WEST INSTRUMENT CORPORATION 


4363 West Montrose 
Chicago 41, Illinois 


TESTING EQUIPMENT 


CLARK INSTRUMENT, INC. 

10200 Ford Road 

Dearborn, Michigan 

PACIFIC SCIENTIFIC COMPANY 

P. O. Box 22019 

los Angeles 22, California 

RIEHLE TESTING MACHINES DIVISION 
AMERICAN MACHINE AND METALS, INC. 
East Moline, Ulinois 

WILSON MECHANICAL INSTRUMENT DIV. 
AMERICAN CHAIN & CABLE COMPANY, INC. 
230 Park Avenve 

New York 17, New York 


TOOL STEELS 


BETHLEHEM STEEL COMPANY 
Bethlehem, Pennsylvania 


WROUGHT ALLOYS 
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another 
time-saving 
Stanwood 
Fixture 


TFET 


V7 7da bd a, 


No. 359 


This STANWOOD STACKING FIXTURE 
facilitates the simultaneous heat treat- 
ing of 124 thin metal shadow-masks— 
structural parts used in color-television 
picture tubes. Each mask is independ- 
ently supported and the fixture can be 
quickly loaded and unloaded. These 


fixtures were made for Radio Corpora- 
tion of America. 

However complex your parts may be, 
Stanwood can design and build a better 
fixture to handle them through heat 
treating. Heat resistant metals used 
throughout. Designs based on hundreds 
of successful installations. 

Send for Catalog. 


REPRESENTATIVES IN PRINCIPAL CITIES. 


STANWOOD 





CORPORATION 


4825 W. CORTLAND ST., CHICAGO 39, ILL. 
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